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With Steel as with 
Pastry-it all in the Making! 


Ask two cooks to make some pastry according to a 
certain recipe. The pastry they produce may look the 
same, but to the critical palate that of one cook will 
eat differently to that of the other. 

And its the same with steel. For steel of a certain 
specification made by one firm will frequently behave 
quite differently in service from that made to the same 
specification by another firm. That is where the art of 
steel making comes in—an art never better practised 
than by the metallurgists and hereditary craftsmen of 
Sandersons’ of Sheffield. For uot only are Sandersons’ 
Steels unsurpassed for their various purposes, but cast 
for cast, they maintain an amazing uniformity in 
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GERMAN DIE CASTING PLANTS 


From United States Office of War Information Service. 


TueE findings of the investigators into German die 
casting plants have proved that the German industry 
is chiefly confined to two areas, namely, Berlin and 
Stuttgart-Munich ; as it was not possible to inspect 
the Berlin district, all subsequent general remarks 
should be considered as referring to the latter area. 

The plant is mainly of the Polak type, and with one 
exception is of an age which gives uneconomical pro- 
duction. An outstanding feature was the absence of 
heat temperature control in most plants in the holding 
pots. 

While the workmanship was good, it was uninspired 
and not up to U.S.A. or British standards. Due to 


- shortage of alloying elements, inferior steels were used. 


Core pulling was conventional—angle pins and hy- 
draulic. 

Finishing equipment was very ordinary and far 
below U.S.A. and British standards. X-ray apparatus 
for inspection was struck on only two occasions and 
then it was doubtful whether the apparatus would be 
suitable for all castings and materials. The only in- 
spection appeared to be of visual nature, even weight 
testing was not employed. 

Production rates were low in comparison with 
U.S.A. and Great Britain. The output per machine 
also seemed low. 

Die. cast materials were confined to three: namely, 
Magnesium, Aluminium and Zinc. The results on 
magnesium were good, but no better than in U.S.A. 
or Great Britain, and the reasons for Germany’s fairly 
high production in this material was probably controlled 
by supply. 

Nothing in the way of new alloys, die steels or 
hydraulic mediums was seen. Hydraulic systems were 
usually water and soluble oil. 

German die casters and the American investigators 
had one thing in common. That was a desire to see 
the plants operating again. The Germans wanted to 
let by-gones be by-gones and start a chummy little 
German-American Die Casting Bund. One of the 
first aims of such a club would be the importation of 
some up-to-date die casting machines from America. 

It was difficult to make a really good appraisal of a 
plant that is not in operation, but the investigators were 
less handicapped than would be expected because the 
die casting machines were nearly all of the old type 
rocking air gooseneck or Polak, Nos. 408, 600, 2255, or 
copies of them. One outstanding exception was Mahle 
vertical air gooseneck type. This machine looked 
rather business like, but with most glaring inconsis- 
tencies. The sample castings from this machine were 
large and complicated and of excellent quality. As a 
matter of fact, the final casting results obtained by the 
German die casters seemed in general to be superior 
to what one might expect from inspecting the die 
casting machines. It was the familiar story of cheap 
labour and slave labour and good organization at the top. 

As far as the large Mahle verticle machine was con- 


cerned, the labour not only had to be cheap, but ex- 
pendable. The valving of the air gooseneck was sub- 
merged in the metal with no provision against chips 
or foreign matter lodging on the valve seat. An open 
valve at the time of the shot meant a blow-out of all the 
metal in the metal pot. The chief engineer of the main 
Mahle plant admitted that the machine was most 
dangerous to personnel and said they had had many 
accidents and some of them fatal. He had eventually 
designed and put in operation a series of electrical 
switches on the machine and onthe door of theanti-room 
so that the personnel had to “ run quick in the office ”’ 
before the machine was shot. Such a poorly designed 
machine was not up to the touted German efficiency. 

Mahle executives claimed to do 65 per cent of all the 
magnesium die casting in Germany and 35 per cent of 
the aluminium die casting and a substantial tonnage 
in Zinc alloy. Their Magnesium casting was also done 
in the large verticle air gooseneck machines of the 
Mahle displacement plunger type. 

The tiebars on the large Mahle Verticle were only 
approximately 34 inches in diameter, which seemed 
altogether too small for the sizes of castings which had 
been made on it. Much of the pressure load, however, 
was taken by auxiliary hydraulic wedge locks on the 
dies. These locks were placed on opposite sides and 
extended over about one-half the width or length of the 
die. Provision could be made to place the die locks 
on all four sides of the die if necessary. The central 
hydraulic system seemed adequate to handle numerous 
auxiliary die locks and core pulling devices. The core 
pulling hydrauljc cylinders were not made a part of the 
dies, but were standard extras to be applied as needed 
and in any sizes needed. The Mahle store room was 
very well supplied with these extra cylinder assemblies. 

Water and soluble oil seemed to be the standard 
hydraulic fluid. Polak or Mullor systems were popular. 

The melt-down rooms were interesting from several 
standpoints. First of all, the larger plants were always 
equipped with duplicate melt-down capacity—one set 
for electric firing and the other for gas. If the ‘“‘ Gas 
House ”’ got blown away and the electric plant didn’t, 
a switch-over could be accomplished without much time 
loss. If both got knocked out temporarily, the plants 
improvised as best they could with coke firing in the 
gas furnaces until the ‘“‘ juice’ came back. Quick 
repairs to damaged plants seemed to be a very strong 
point in the German planning. The race between the 
repair gang in Germany and our bombers was, of course, 
won by the bombers, but at times, or for a time at least, 
the race was a close one. The ventilating system for 
Magnesium castings, if any, was inadequate, and the 
plant personnel was said to suffer a great deal from 
fluxing fumes and SO, gas. Furnace equipment 
seemed to be excellent, especially the new reverberatory 
electric furnaces. 

Generally, the Germans “ had nothing on us,” and, 
therefore, whatever comfort such a negative report may 
give, may be enjoyed to the fullest, 
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EXCEPTIONALLY WIDE BAND-PASS WAVE FILTERS THROUGH 
ARTIFICIALLY BRED CRYSTALS. 


By W. BANTLE, B. MATTHIAS and P. SCHERRER. 


THE use of piezoelectric crystals in electric wave filters 
proved to be one of the most successful of their numerous 
technical applications. If an alternating electric field 
is applied to a conveniently cut slab of a piezoelectric 
crystal, the latter is excited to mechanical oscillations. 
If the frequency of the field is equal to the mechanical 
resonant frequency of the slab, the amplitude of the 
mechanical oscillations becomes a maximum. A con- 
denser in which the crystal slab forms the dielectric 
shows, therefore, the phenomenon of an electric series 
and parallel resonance. The equivalent electric circuit 
of a crystal used as a dielectric in a condenser is shown in 
Fig. 1. It is simply a series resonant circuit containing 


1" 


p 





Fig. 1. Equivalent electric circuit of an oscillator crystal. 
resistance, capacitance, and inductance paralleled by the 
capacitance of the holder. The impedance of this 
circuit (disregarding the ohmic resistance) at various 
frequencies is shown in Fig. 2. At low frequencies the 
crystal behaves like a capacitance; at the resonance 
frequency wp, the reactance is zero; thereafter the re- 
actance assumes inductive values and increases with the 
frequency until it reaches infinity at a certain frequency 
wa, Called the antiresonance frequency. At frequencies 
above wa the reactance becomes capacitive again. The 
attenuation of a mechanical oscillating system and in 
particular of an oscillating crystal is far below the 
attenuation obtainable with electric oscillating circuits 
consisting of coils and condensers. A measure of the 
attenuation of a crystal resonance circuit is the so-called 
** Giitefaktor ” 
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Fig. 2, Reactance of a crystal, 
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(From Schweizer Archiv, Vol. 11, No. 6, June, 1945, pp. 161-104), 
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The values of the elements of the equivalent eleciric 
circuit are determined by the -size of the slab, by its 
physica! properties (density, Young’s modulus, piczo- 
electric constant, etc.), and the crystallographic cut by 
which it was produced. If a definite resonance fre- 
quency is required and a certain type of crystal is to be 
used,: the individual characteristic data of the equivalent 
circuit can vary only within very narrow limits. For 


(1) 


Cs 
instance, the maximum value —-, which determines the 
p 
distance between resonance and _anti-resonance 
frequency is solely dependent on the physical properties 


of the crystal and not on its dimensions. For a trans- 
versely oscillating crystal this value is : 
Cs 16 d@E 
— = -.— Ay Ry AS (2) 
Cp 7 € 


where d = piezoelectric constant, E = Young’s mo- 
dulus, and e = dielectric constant. This formula pro- 
vides also a measure of the frequency range in which the 
crystal behaves like an inductance, since the following 
equation is also valid : 

C; Wa —— WR 

— 2, ——__... x @& 

Cp WR 
For a given wr, there is also a lower limit for L which, if 
a transversely oscillating crystal is used, is determined 
by the smallest thickness of the slab which can be 
obtained in practice. 

This shows that the values of the elements of the 
equivalent circuit are strictly limited, a fact which 
considerably restricts the use of piezoelectric crystals 
in wave filters. 

Up to the present, the crystals used for wave filters 
have been almost exclusively of quartz. For this 

s 
material the upper limit of —— is 8 per mil. 

Pp 
while the lowest obtainable values for L are 
between 20 and 30 Henry. This means that the band 
width of quartz filters cannot be made wider than 13 per 
cent of the mean transmitted frequency ; but even for 
this value the characteristic impedance of the circuit 
reaches values which render it useless for all practical 
purposes. This fact, however, is not obvious and will 
be explained in the following. 

The most generally used crystal filter is of the 
Cauer’s bridge type, in which two pairs of equal im- 
pedances are used. It is, therefore, a symmetrical four- 
terminal network with reversible input and output 
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Fig. 3. Circuit diagram of a filter, 
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terminals. At frequency ranges for which the impe- 
dances Z, and Z, are nearly equal, the bridge is largely 
in equilibrium and the transmission will be blocked. If, 
at certain frequencies, Z, and Z, are exactly equal, the 
attenuation will be infinite (attentuation peaks). Now 
it is possible to arrange that, for a definite frequency 
range, the impedances Z, and Z, differ greatly from one 
another, for instance, by giving Z, inductive and at the 
same time Z, capacitive properties. Under such con- 
ditions the filter will not be in equilibrium and will 
transmit the frequency range in question. 

It is therefore obvious that the band width obtain- 
able with a filter of this type is strictly limited, if the 
impedances are formed by crystals with a charac- 
teristic as shown in Fig. 2, which have a capacitive be- 
haviour over the whole frequency range except for the 
short range between resonance and antiresonance. If, 
however, two pairs of crystals are used, where each pair 
consists of two similar crystals, and the resonance fre- 
quency of the one pair coincides with the antiresonance 
frequency of the other, the width of the transmission 
band of the filter will be twice the distance between 
resonance and antiresonance of one individual crystal. 
This means that, according to equation (3) the maximum 
relative band width obtainable with a filter consisting 
entirely of quartz crystals is 8 per mil. Such a band 
width is, however, totally inadequate for multiple 
channel carrier telephony between 30 and 200 kc/s. 

The relative band width of such a filter can be in- 
creased if induction coils L* are connected in series 
with the crystals, which means that the “ all-crystal ” 
character of the filter is given up. This has, amongst 
others, the disadvantage that the characteristics of the 
equivalent two-terminal networks of the new element 
have two zero points w, and w, (Fig. 4). The actual 
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Fig.4. Reactance of a crystal with series inductance. 


values for the elements of the two pairs of elements must 
be chosen so that within the transmission band of the 
filter the inductive range of the one pair corresponds to 
the capacitive range of the other and vice versa. In the 
elimination range both pairs must be either inductive or 
capacitive (Fig. 5). The resultant width of the trans- 
mission band is from w, to w,. The attenuation peaks 
ae at w op, ANA woo o. 

But also by using additional inductances, the practi- 
cal band width of a quartz crystal filter cannot be in- 
creased indefinitely. Quartz filters, usable in practice, 
can be made only up to a band width of 6-7 per cent as 
at higher values the adjustability rapidly decreases. 


| This is due to the characteristic impedance of a crystal 


filter with induction coils. This characteristic im- 


pedance Z = 1/ Z, Z, changes considerably with the 
frequency ; it is zero at the fronts of the transmission 
band (neglecting the ohmic resistance), as at each front 
of the band one impedance is zero while the other is not 
infinite. It increases towards the centre of the trans- 
mission band and reaches a maximum value of Zmax = 
(,—w,)L*. If each filter could be connected to a 


load whose characteristic impedance would correspond, 





to that of the filter itself at each individual frequency, 
the transmission diagram of the filter would have a 
practically rectangular shape due to the very high 
value of Q (see equation 1). The unfavourable effect 
of the additional inductances can be avoided, if all four 
have the same value and if they are connected outside 
the bridge according to Bartlett’s rule of equivalent 
four-terminal networks ; by this measure they produce 
only a negligible frequency-independent additional 
attenuation. In practice, however, the load connected 
to the filter does not change with the frequency and a 
mean characteristic impedance must be assumed ; 
consequently, if the width of the band is increased, the 
absolute value of the characteristic impedance increases 
according to the above equation. The practical adap- 
tability of quartz filters is, therefore, possible only up to 
a relative band width of 6 to 7 per cent. Even an in- 
crease to 9 to 10 per cent, which would be desirable for 
high quality sound transmission at 100 kc/s., encounters 
extraordinary difficulties. In principle (disregarding 
the difficulties of adjustment), however, quartz filters 
with additional inductances can be built up to a relative 
band width of 13 per cent. Beyond this value the 
elimination attenuation cannot be effectively controlled, 
which renders the filter impracticable for technical 
purposes. 

In a search for filters allowing a band width beyond 
the limits analysed in the above, the suitability for use 
in filters, of artificially bred crystals has been investi- 
gated. First to be considered are all phosphates 
of potassium and of ammonium (KH,PO, and NH,H, 
PO,) which show much more favourable values for 


s 





and L than quartz crystals, while the ‘‘ Giitefaktor ” 


Dp 
of their equivalent circuit is of the same order as that for 
quartz. 
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Fig. 5, Reactance and attenuation, 
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Fig. 6. Band-pass filter for very wide bands with two 


different types of crystals. 


The two phosphates mentioned make it possible for 
the first time to build band filters also for relative band 
widths far exceeding those obtainable with quartz 
crystals. For instance, the maximum band width 
obtainable with a filter of the type described above is 
33 per cent against 13 per cent if quartz crystals are 
used. An additional advantage is that, owing to the 
more favourable values for L in the equivalent circuit, 
the values of the additional inductances can be kept so 
low that no appreciable adjustment difficulties occur. 

The question arises whether it is possible to obtain, 
for a frequency range between 30 and 100 kc/s., filters 
for a band width of 9 to 10 kc/s. whose characteristic 
impedance would not exceed the limits set for practical 
application, i.e., 600 ohms. This condition can actually 





By P. A. SVIRIDENKO. 


THE electric circuit shown in Fig. 1 outlines a system 
employed for the recuperation of electric energy in the 
testing of aero engines. In this diagram the aero 
engine AM is coupled with two identical induction 
machines ZM-1 and ZM-2, each rated at 390 kW. at 
1500 r.p.m. and laid out for a stator voltage of 6,000 
volts. Starting of the set is either effected by the aero 
engine or by running the set as motor. 

When testing the aero engines with gas as fuel at low 
engine speeds ranging from 750 to 1,400 r.p.m., the 


WORKS NETWORK. 
6000V. 


























Fig. 1. Circuit of cascade-generator set for testing aero 


AM = aero engine ZM—1l, ZM—2, = induction machines of 
390 kW. capacity each ; R = resistor; TP = transformer, 
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CASCADE ASYNCHRONOUS GENERATOR. 
(From Izvestia Akad. Nauk. U.S.S.R., Otdel. Tech. Nauk, 1945, Nos. 1 to 2, pp. 94-107). 





be fulfilled by using crystals of potassium and 
ammonium phosphate simultaneously. 

For the first time filters of the Cauer’s bridge type 
were calculated and produced which had two crystals of 
different material connected in parallel in each branch 
(Fig. 6). This arrangement provides the possibility of 
varying the values of the elements of the equivalent 
electric circuit of this four-terminal network within 
much wider limits than has hitherto been possible, and 
values can be obtained which ensure the required band 
width of 9-10 kc/s. while at the same time the ne- 
cessary adaptability is maintained and the extraordinary 
slope of the band fronts of 5 Np/100 kc/s. is reached. 
To ensure an adequate elimination attenuation, two 
filters were connected in series; for this arrangement 
the attenuation characteristic shown in Fig. 7 was ob- 
tained. 
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Fig. 7. Attenuation of two band-pass filters for very wide 
bands connected in series. 





induction machines are operated in cascade, the switches 
MB-1, MB-3 and KT-1 being closed and the switches 
MB-2, KT-2, and KT-3 being open. The negative 
slip can be controlled within wide limits by (a) variation 
of the resistor R-3 arranged in parallel with the stator 
coil of the second machine and connected to the se- 
condary winding of the step down transformer, and (b) 
by controlling the fuel supply to the engine. After the 
engine speed has reached 1400 r.p.m., the switches 
MB, MB-2, KT-2, and KT-3 are closed and the 
switches MB-3 and KT-1 are opened, switch MB-! 
remaining closed. The engine speed is then raised to 
1800 r.p.m. The resistors R-1 and R-2 are remotely 
controlled from the operating panel. Idling of the aero 
engines may be realised by operating the induction 
machines as cascade converters over the speed range of 
120-750 r.p.m. 

The losses in the rotor and in the resistor are equal to 
the power transmitted across the air gap multiplied by 
the slip, that is : 

4Prot = Pair gap - S = (P. + 4Pat) S oe (1) 
where P, is the power returned into the network. The 
total losses are 

AP = Prot + 4Pst + 4Pmecn + 4Paaa on (2) 
where 4P3t are the core and copper losses of the stator. 
These are given by ‘ , 

1 


APst = APiron. st + Popper Ste = oa (3) 


n 
where (J,n) denotes the nominal current. The windage 
losses increase with the third power of the speed and the 
friction losses with the 1-5th power, so that 4 
n 3 n : 
(| + 4Prriction [| (j 


AP mech aan 4Pwinaage 
Ns - Ms , 
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The additional losses are proportional to the square 
of the speed and to the square of the stator current, so 
that 
nn)? a 
APaaa = 4Paaa cal ane | oe (5) 
Ns Tin J 


Formula (2) can therefore be written 


Ns n 2 n 0-5 
P,=P, — —4Pwindage | — — APrriction 
ns 


n Ns 


n 
— APaaa (| Ky? a AP copper st Ky? 
Ns 


I 
— APiron st Where Ky = oa i Sg (6) 


In 


This equation shows that, when operating as gene- 
rator, the induction machine has a somewhat lower 
efficiency than when operating as motor, assuming 
identical absolute slips. Experimental data confirm 
that the output delivered into the network at different 
speeds and shaft powers may be obtained from equation 
(6) with sufficient accuracy. 

In Fig. 2 are shown the characteristics obtained with 
an actual installation. In the testing of aero engines it is 
required that the load imposed upon the engine should 
have the same characteristics as those produced by the 
airscrew. The larger part, P., of this load is returned 
into the network. Return of energy into the network 
takes place at engine speeds ranging from 1130-2,700 
rp.m. At speeds between 1,130-2,120 r.p.m. the 
machines operate as cascade generators, while they 
operate in parallel over the speed range of 2,250-2,700 
r.p.m. 

For a test run of 2h. 15 min. the electrical energy 
returned into the network amounts to 71 per cent of the 
energy transmitted to the shaft, that is, to some 700 
kWh. Tests have shown that the load characteristic 
imposed upon the aero engine can be changed at will. 
The range of possible shaft loads is given in Fig. 2 by 
the limiting curve P,’. 

Referring to the equivalent circuit given in Fig. 3 it 
is seen that the cascade rotor current can be expressed by 


From formulae (9) and (10) we obtain 
S,=2S,—1.. we- GD) 
If the speed changes from mox to a. “the slip S, and 
the frequency at the rotor terminals of the machines will 
change within the limits 0-5-0, while the slip and the 
frequency at the terminals of the stator of the second 
machine will change within the limits 0 — (—1-0). 
The torque of - first nate is 


M, = 


2 3 mp 
a I,? a — I,? ee (12) 
1 2 @) 
and that of the second machine is 
R, mp 
= I,* —e et oe ee (13) 


2 be | 
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Fig. 2 





(7) 


Xm Xn; 


a a Xn 





a 
(mF _ 
—| 4+ Xm 
S; 
and the current in the stator of the —_ machine by 


I= 





( R, Xin Pre. Xn 
ls, +R, 
S, Xme ne Xme 
where S, is the slip of the first machine which ‘se the 
synchronous speed no. It is 
No =—F 
= = es ee (9) 
N¢ 
The slip of the second machine, which has the syn- 


No 
chronous speed mox = —— is defined as 
2 


Xn Xin 
Xm2 
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The resultant torque therefore is 


R, 2R; mp 
M=M,+M,= | —ZJI2+:-—TI;? | — (4 
Ss S J 


1 2 wy 

In Fig. 4 are shown the torque curves computed from 
equations (12) and (13) as functions of the speed of the 
cascade generator for three different resistances in the 
rotor circuit, namely Rp = 0, 17 Rem, and 
Ry = 55 Rem. From these data it will be seen that the 
torque has two maxima, i.e., a generator maximum 
and a motor maximum. The maximum torque de- 
creases somewhat with increased rotor resistance 
because of the increase of the equivalent active re- 


Ry 
sistance —. (See Fig. 3). 


1 


At speeds slightly below synchronous speed, the 
maximum torque of the generator drops sharply to zero, 
and stable operation of the cascade generator becomes 
impossible. From Fig. 4 it is seen that the maximum 
torque of the cascade generator is two timés greater than 
the maximum turning moment of the engine. 

Because of the relatively small reactive resistance of 
the cascade the current increases when the machine runs 
idle, while the overload capacity is considerably de- 
creased. The actual overload characteristic could not, 
however, be ascertained, as the turning moment cf the 
aviation Diesel used in the test did not exceed the torque 
which the cascade set was able to carry. In Fig. 5 are 
shown the variations in voltage, current, slip, and 
electric output of the rotor as functions of the rotational 
speed for constant output of the cascade generator. 

The electric output P,, transferred from the rotor of 
the second machine to the first machine equals the power 
transmitted across the air gap multiplied by the slip of 
the first machine, so that 


Pi, a2 Pair gap - Ss; (15) 


Fig. 4 
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This capacity is about one-half the output delivered into 
the network if the speed of the cascade approaches the 
synchronous speed (S, 0:5). By increasing the 
speed, the active power in the rotor circuit will decrease 
according to a straight-line law, and at the limit speed it 
will be zero. At the same iime the losses in the stator 
and in the resistor of the second machine are 


Pst So Pair gap - S, (16) 


In the rotor and stator circuits of the second machine the 
frequency will change over a wide range, but in the 
range considered the magnetization of the machine will 
change but little from the condition prevailing at con- 
stant engine-speed. This is explained by the fact that 
voltage as well as frequency of the cascade circuits vary 
closely according to the same law, namely, 


U, «- @,. 6, U, ~: E. Sz 


The voltage of the stator circuit of the second 
machine varies from zero to nearly the nominal value. 
In order to reduce the voltage at the terminals of the 
resistor, a 6,000/425 volt step-down transformer is 
interposed. In the primary circuit of this transformer 
voltage and frequency vary within wide limits. The 
ratio of primary to secondary current therefore will 
depend not only upon the parameters of the transformer 
but also upon the frequency of the primary current. 

Considering the external circuit connected to the 
stator of the second machine we have 

I, M 
(17) 





d (ae > ERS 

(M + L+ = 

We 
where M is the coefficient of the mutual induction of the 
windings of the transformer, L is the coefficient of self- 


induction, and R is the resistance of the resistor while ; 
is the frequency at the primary terminals of the trans- 


2 
The variation in the ratio — with the fre- 
I, 
quency for different resistances and coefficiencts of 
mutual induction is charted in Fig. 6. Here it will be 
seen that a decrease in frequency is equivalent to an 
increase in the ohmic resistance, the influence of the 
frequency being particularly pronounced in the range of 
low frequencies. If the slip is small, then the mutual 
induction of the transformer windings is also very small 
and hardly any current will flow in the secondary circuit. 
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Fig. 6 
0 02 04 Q6 08 We 


The frequency limits within which a marked varia- 
2 

tion in the ratio — obtains, are seen to become greater 
1 

with increasing ohmic resistance and with decreasing co- 


efficients of mutual induction. 
The engine test procedure includes a run during 


which the engine is turned over cold at varying speeds. © 


In this case power must be taken from the network. 
According to the test data obtained, the energy con- 
sumption will then vary with the speed as follows : 
Speed of aero en- 

gine (cold), r.p.m. 180 300 500 720 940 1,000 1,100 
Power taken from 

network, kW. 77 80 83 8 84 80 80 


FUNDAMENTAL EQUATIONS OF _- THE 
CASCADE CIRCUIT. 

The theoretical analysis of the various operating 
conditions of the cascade generator requires the es- 
tablishment of the fundamental differential equations. 
In order to be able to establish these equations we re- 
place the three-phase cascade system of the induction 
machines by a two-phase system. By resorting to this 
artifice the general equations become free of the trigo- 
nometric coefficients so that linear equations with con- 
stant coefficients can be established for constant rotor 
speed. Fig. 7 shows the cascade arrangement of two 
electrically and mechanically inter-connected induction 
machines with the stator phases a, b, c, a’, b’, c’, and the 
rotor phases 1, 2, 3, 1’, 2’, 3’. According to Kirchhoff’s 
law the following equations can be established : 
For the stator of the first machine ; 

Ua = ps ao Ryjia 
Un = pn + Ritd 
Ue = pv. = Ryic 
For the rotor circuits of the two machines 
P(% + FY + (n +11) y 
P(%, + %) + (4 + 11) te 
p(s + Ps) + (rn + 11’) ts 
For the stator of the second machine 
Pp Pa’ + (Ry + Rp) ta’ = 0 
Dp Pr’ + (Ri’ + Rp) in’ = 0 ere 7-)) 
Dp Po’ + (Ry + Rp) te’ = 0 
where Ua, ns ¢ are the voltages of the stator phases of the 
frst machine, ¥.,n,¢3 Pisses; YPa'sv’se'3 P's 2's 3 
are the interconnected phases of stator and rotor of the 
first and second machine ; ia; ; ¢ 3 t1) 95 33 fa’s b’s c’ are 
the currents in the stator and rotor phases, R,, 7, 7’, Ry’ 


(18) 


(19) 


ull 
ooo 





wp 
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iw) 


; Y* /noToR y 











g z Fig. 7 














are the ohmic resistances of stator and rotor of the 


machines and Ry those of the resistor phases, p = es is 
. t 
the differential operator. 

By transforming these equations into an «, f, 0 
system, the following fundamental equations can be 
obtained 
(R, + Lop) Ia, +0 + Mo; pin +0+0+0= Uy 
Moh La + Mo: [9] Ip: + (r+ lop)ia +o [pO] 1g 

+ Moz Pla, + Mo: [PO] Ig. = 0 
—Mp, [PO] Ia. + Mor Plpi — lo [PO] im + (21) 


+(r +p) ig— Moz [0] Jas + Moz P Ip, = 0 
0 +0 + Mo: pin +0+(Rz + Loe Pp) Ine + 0 =0 
0+0+ 0 + Moz pig + 0 + (R, + Lo: P) Ip. = 0 (22) 
where 
Lo, = (L; — Me) is the apparent self-induction of 
the three-phase winding of the 
stator of the first machine 
is the apparent self-induction of 
the three-phase winding of the 
rotor of the first machine 
is the apparent mutual induction 
of the three phases of stator and 
rotor 
is the apparent self-induction of 
the three phases of the rotor of 
the second machine 
Lo. = (Lz — Meg) is the apparent self-induction of 
the three phases of the stator of 
the second machine 


Io = (, — Mp) 


M,; = 15M, 


le = (I, oe Mp2) 


Mo: = 1:5 M, is the apparent mutual induction 
of the three phases of stator and 
rotor 

r,—r, =r; R,'—R, =R, 

lor — hoe = I 


For many operating conditions of the set it can be 
assumed that the rotor speed pO is constant. The 
correctness of this assumption is obvious in respect 
to (1) the stationary operating range, and (2) transient 
changes in the magnetic fields during the occurrence of 
slight changes in the rotor speed. 


COMPUTATION OF PULLING FORCE AND STRESS DISTRIBUTION 
IN THE DRAWING OF WIRES. 


By T. PoEscu. 


THE development of a mathematical theory of the wire 
drawing process was undertaken in order to gain better 
Insight into the magnitude and the distribution of 
stresses and deformations obtaining in the die and to 
establish the relationship of these factors with the 
pulling force and the drawing speed. 


(From Metallwirtschaft, Vol. 23, 1944, pp. 245-249.) 


Upon introduction of the cylindrical wire into the die 
in stress-free state the wire is subjected to a tri-axial 
state of stress which soon exceeds the plastic limit as the 
wire passes into the die. It will be assumed that at 
every point of the plastic region the components of the 
stresses, or at least some of them, have attained certain 
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limit values beyond which the elastic behaviour ceases 
and the plastic flow commences. The plastic limit 
therefore is represented by a tensor which is termed the 
yield point tensor. This is an adaptation of the usual 
yield point concept to the state of tri-axial stress. It 
cannot, however, be assumed that the yield point de- 
finition for conditions of tri-axial stress will provide 
information regarding the behaviour of the material 
under conditions of plastic deformation once the yield 
point has been exceeded. 

_ If the-material were to retain its purely elastic pro- 
perties when passing through the die, the component 
stresses Or, O9= Sys and Trg would have to increase 


continually from the inlet to the outlet of the die. 
But if the material assumes plastic state—and this will 
in most cases take place very soon upon entrance of the 
material into the die—it is but reasonable to assume that 
beyond the plastic limit the stresses continue to increase 
in the same direction and will attain their maximum near 
the outlet of the die. That this is actually the case is 
proven by the progressive smoothening of the bore of the 
die and its progressive wear towards the outlet. Any 
decrease in the stresses towards the outlet of the die is 
therefore out of the question. The increase in the com- 
ponent stresses as the wire progresses through the die is 
reflected by an increase in the tensile strength of the 
material. 

The law governing the increase in strength may be 
expressed in its simplest form by assuming the existence 
of a linear relationship between the stress and the plastic 
deformation. This relationship resembles that existing 
in the elastic region, with Young’s modulus being re- 
placed by an increase-in-strength factor V. The latter 


factor is numerically smaller than Young’s modulus of * 


elasticity E and is assumed to remain constant. If the 
displacements are replaced by velocities of displacement, 
then the factor V will have to be expressed in kgsec. per 
sq. cm. instead of in kg. persq.cm. The reciprocal v of 
Poisson’s ratio is also to be replaced by a coefficient of 
transversal plasticity v’ which may be taken as vp’ = 
0-48 for the purpose of this investigation. 

During the plastic deformation in the wire drawing 
process a small but finite change in volume is taking 
place. Actually this change in volume amounts to only 
a very small percentage, but the presence of this volume 
change is essential to the solubility of the linear stress- 
deformation equations applying to the plastic range and 
with it to the establishment of a direct relationship 
between stress and deformation. 

The introduction of the yield point tensor implies 
the existence of an initial state of stress in the die, the 
yield point tensor being given by 


(s) 


0; Trg 0 
(s) (s) 
Try boxe 0 
(s) 
0, 0, Op 


(s) (s) 
where it will be assumed that Og= Sy- 


This concept rests upon the following assumptions, 
to wit :— 

(a) The normal stress prevailing at the entrance to 
the die is taken to be zero, that is, the work piece is 
introduced into the die in stress-free state. The radial 
component of the yield point tensor will also be assumed 
either to equal zero or to be at least very small, although 
the transversal stress and the circumferential stress at 


(s) 
the die bore have already risen to the yield point og. 


(6) The transversal stress and the peripheral stress 
: E sharia (s) — (s) 
at the inlet of the die have an initial value of Og= Op. 


For the sake of simplification this value will be assumed 
to coincide with the yield point of the material. 
(c) The shear stress at the die inlet takes its inception 


(s) 
from an initial limit value r; 9 Where it is considered 
appropriate to introduce a friction factor (f), it will be 


(s) (s) 
taken rr 5 = f oo and f will be considered to have a 


constant value. 

If the yield point tensor given above is taken to repre- 
sent the initial state of equilibrium, linear equations can 
be established for the components of that tensor, these 
components applying to the plastic state. Also all 
components will correspond to an identical value of the 
increase-in-strength factor V. In this case the actual 
stresses will be given by 








V v’ 
Or = [« + (er + 2€9) oe (1) 
1+’ 1—2v’ 


V py’ 
69 = 6, =—— + —(er +2 ) | (2) 
le —>| —" “3d 
V 


The components of the displacement tensor are de- 
termined solely by the radial displacement u = u(r, 9) 
and it thus is : 
Ou U 1 Ou 

€r=——5 € = € =—s5 Vr, = és (4) 
eo ee ao 

For a value vy = 0-48 the equations (1), (2), and (3) 
can therefore be written 


V rou Ou 2Qu 
6, = —— [412 —+—|] - 
vy 1-48 «~Ldr Or r 
V 


Ou u ) 
—| 13— + 24-65) 
1-48 Or ri 


V u a” Ou “)] 
= y= -+12{|—+—| | = 
ii 1-48 E Or r 
V 


Ou u 
a Ppa | (6) 
1-48 Or r 

V 1 Ou 


roo o> > 
O48 20 08 

The state of stress corresponding to the afore- 
mentioned yield point tensor according to definition 
represents a state of equilibrium, and it will not there- 
fore be considered to exert any influence upon the 
stresses occurring within the range of strength increase. 
Consequently, the latter stresses can be expressed by 
the same equations as established above for the elastic 
range. Only the “ elastic ” constant and the boundary 
conditions will be different. By integration, the 
following solution obtains, to wit :— 
u=u(r, #) = a [1I—(1—v’) (6—4v’) ®] 40-1) +B (8) 
so that with v’ = 0:48, it becomes 

u=u (r, 9) = a(1—1-6 9") 1-208 Br... (9) 
The integration constants a and B can be obtained from 
the following two boundary conditions : 

(a) The total stress will be assumed to be zero at the 
spherical entrance section, the shear stress components 
in the direction of the axis of the die being neglected, so 
that for r = 7, it becomes 

a 


a ia 2m rt { 6: (r, 9) d=0 .. (10) 
0 


"9 ~~ s 





(7) 
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This means that no force is exerted upon the material as 
it enters the die. 

(b) At the inlet edge of the die the normal stress, 
normal that is relative to the die, will be assumed to 
—o yield point in compression. For r = 1, it will 
then be 


(s) 
0 = a: Og (M1 a) = Gy (11 a) = Gg .. a2 @D) 


These two boundary conditions determine the in- 
tegration constants a and B in equations (8) and (9). 
The solution is therefore complete and all other factors 
of the drawing process, such as stress components, 
drawing pull, velocity of the wire entering and leaving 
the die, and the components e;, Eg= € and yrg are 


therefore determined. 

The integration constants can be computed by in- 
troducing the solution given by formula (9) into the 
boundary condition equations (10) and (11).. Assuming 
a value v’ = 0-48, we obtain 
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Fig. 1. Diagram showing stress distribution in wire passing 


through the die. 
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Fig. 2. Influence of the reduction upon the wire stresses. 























(s) 
3-04 (1—0-8a?) 1-48609 





B (13) 


3.04 (1—0-8a*) + 0-04 (1—1-6a2) 37 V 
The conditions of stress and deformation prevailing 
at every point (r, #) of the die are thus determined by the 
following expressions : 











= cores 9?) r-2°08-+ B, ) 
1 
& = = — 2:08 a (1—1-6 ) r-3'08+ B 
= 
€g= — = a (1—1-6 &) 3-08 + B 
r 
1 Ou . 
yQo= -— = —32ar-208 7 
on, a8 \ (14) 
V 
Ge = ——— (13 4 + Meg) 
1-48 
V 
o9= — (12 6 + 25 €q) 
148 ‘ 3 
V 
tr = — —— 1-64 1-208 } 
1-48 J 
Finally the volume change is given by 
1—2p’ 0:04 
@=e\+ 2eg= (or+209) callie a 
| (15) 
Assuming a tapering die with r, = 1:5 cm., rp = 


1-0 cm., and a = 0-1 (corresponding to an angle of 5-7 
deg.) the inlet and outlet diameters of the die are 
2R,; = 0:3 cm. and 2Ry = 0-2 cm., and the linear re- 
duction is therefore 33 per cent. 


(s) 
With v’ = 0:48 and 1:48 og = S§ ee (16) 


we obtain a = 1-142 S and B = 0-0267 S 
The equations (14) and (15) thus yield the following 

solutions : 

Entering the die 
u (1,30) = 0-532S 
€r (7,30) = —0-654S 
€9 (r,,0) = 0-355S 
@ (r,,0)=0-056S 


6r(r,,0)=0 (as assumed) 


Leaving the die 
Uo=u (ro,0)=1-169S 
€r (70,0) = — 2:35S 
€9. (700) = 1:169S 
4 (ro,0)=—0-01S 


(s) 
Or(?%'o,0) =—-2:47 og 


(s) (s) 
6.9(7,,0) =69 » 69(70;0) =): og 


(s) (s) 
tr (1134) =—0-708769. — tr,('05a)=—0183 a9, 

It should be noted that the longitudinal stress 
increases very considerably while the transversal stress 
does not diminish as would be expected on the basis of 
the popular hypothesis of plasticity, but actually in- 
creases slightly. With the assumed reduction of 33 
per cent the longitudinal stress would increase to a 
value 2:47 times that of the yield point in compression. 
This stress would appear to be in excess of the carrying 
capacity of the wire. It must also be pointed out that 
the volume change at the die inlet has the negative sign, 
which is due to the boundary conditions assumed. At 
the outlet it is, however, positive, that is to say, an 
elastic material would exhibit a small permanent volume 
increase when passing through the die. However, the 
influence of the transition from the elastic to the plastic 
condition upon the volume change still remains to be 
clarified. 
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The equations (14) and (15) may be used to chart the versal stress changes but little throughout the die and it 


stress distribution and the volume change of the wire as can therefore be considered as constant. The relation 
it passes through the die. (Fig. 1). If the reduction is between the longitudinal stress or and the transversal 
assumed as 10 per cent instead of 33 per cent, the and peripheral stresses OY= Fy as function of the re- 


longitudinal stress is found to be no more than about 46 duction is given in Fig. 2 
per cent of the yield point in compression. The trans- j 


TEMPERATURE DISTRIBUTION AND HEAT FLOW IN THE 
EXHAUST VALVES OF DIESEL ENGINES 


By I. DROLSHAMMER. (From Mitteilungen aus dem Inst. Thermodyn. & Verbrenn’gsmot. T.U. Zurich, No. 3, 1943). 
unit was an experimental three-cylinder low speed 


TEMPERATURE measurements were made on the valves of 
engine built by the Swiss Locomotive Works, Winter- 


two diesel engines. The first was a single cylinder 











- four-stroke cycle high speed diesel specially built as an thur. The abstract given below refers solely to the 
experimental engine by the Saurer Company for the latter engine. 
Federal Technical University, Zurich ; while the second The three-cylinder engine is designed for normal 
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Fig. 1. Characteristics of engine when operated with super-charger at different loads with 
engine speed n = 300 r.p.m. = constant. 


operation with a Biichi supercharger. A few test runs 












































oBe Hy 
T_T were, however, also made with the supercharger re- 
eisai d, ees moved and with the original valve cams replaced by 
4 Cs cams more suitable for operation without supercharger. 
80 | The engine data are the following : 
SENSIBLE HEAT IN EXHAUST 
Bare ae ao ve os re 390 mm. 
mCi Stroke... ste ar at -. 520mm. 
60) a Connecting rod length .. =F .. 1250 mm. 
SENSIBLE HEAT INCOOLING WATER Power developed with supercharger .. 450 h.p. 
5 ne without ne 4 350 h.p. 
a Normal engine speed .. ae hs 300 r.p.m. 
Leen se ee The-engine is built for mechanical injection, the 
a N=300 RPM. valves being operated by push rods and rocker arms. 
20 c-52 M/s —4 The valve timing is as follows : 
EFF OUTPUT | With supercharging | Without supercharging 
° | — |Pekg/cm? Exhaust opens 44 deg. before B.D.C. 62 deg. before B.D.C. 
ie) - 9. Closes | 51 deg. after toe. 35 deg. atves ioe. 
Fig. 2. Heat balance of engine when operated with super- Air — pr send 4 = poisons ; a ye peng A) ‘i 











charger. 








mor 


plac 
Seat 
Valy 
Posit 
here 
triby 
coup 
valve 
locat 
valve 






















































































THE ENGINEERS’ DIGEST 319 
t 
n 
il Section B-B 
| 
Metal hose | | i, jake: 
Steel tape | 
\ | 
\A ! ia, i 
: 4 | iG- | -G | | 
od 4! , | ] | 
r- \ : | 
he : N 
Wide valve seat F, - | 1 
al 4 F2 A 3 | N | 
F3 F, 1 | N | 
-t .|- be eee hes = 
Re Eyes | -+4 
- T | ) 
5 
R,* Rs a iY, 
Si, Sz a 
oe 
Narrow valve seat 
3904 —// 
The general operating characteristics of the engine 
are given in Fig. 1. The temperature of the exhaust 
gases immediately ahead of the exhaust turbine is 
slightly higher than that immediately after the exhaust 
valve. This is due to the conversion of kinetic energy 
into heat. The static pressure after the charging blower 
and that ahead of the exhaust turbine do not in .them- 
selves provide a measure of the efficacy of scavenging, 
since the period, i.e., pressure fluctuations occurring at 
these points are of considerable influence. There is no 
doubt, however, that the amount of scavenging air 
increases with rising engine load. The heat balance of 
the engine is shown in Fig. 2, where it is seen that the \ es 
point of optimum fuel rate, that is, the best point, is SSS 
approximately at three-quarters load. With increasing GL 
engine power the percentage of heat carried away by the 
cooling water decreases ; while the sensible heat con- 
tained in the exhaust increases. 
_ In most of the tests a deflector was fitted to the inlet 
nnd valve, this deflector serving to produce more uniform 
4 by temperature fluctuations at the gas-swept points. The 
rger. tatio of the mean of the temperature deviations of the 
individual amplitudes from the mean of all the ampli- 
tudes to the mean of all the amplitudes rose to as much : : 
am. as 15 per cent at fractional load. This value was re- Fig. 3. Location of thermocouples. 
am. duced to 5 per cent by the installation of the afore- The valve temperatures measured are charted in 
am. mentioned deflector, which, it is assumed, produced a Figs. 4,5 and 6. Referring to Fig. 4 it will be seen that 
\.p. more uniform distribution of the fuel. the influence of the engine speed upon the temperatures 
1.p. For the purpose of measuring the valve temperatures of the exhaust valve is not great ; at the point considered 
p.m. 17 thermocouples were installed ; of these six were the temperature is seen to drop by no more than approx. 
ee Placed in the exhaust valve (Fig. 3) ; another six in the 30 degrees if the engine speed is decreased from 300 
Ly seat; four in the valve stem guide ; and one in the inlet r.p.m. to 200 r.p.m. 
ame. valve. The exhaust valve can be rotated into three The influence of the Biichi supercharging process is 
Positions with a mutual angularity of 120 degrees, illustrated in Fig. 5, which shows the temperature 
ome hereby enabling observation of the temperature dis- variations obtaining with different mean effective 
tribution over the valve periphery. The thermo- pressures. The temperature of the exhaust valve was 
LDC. couples in the seat are so arranged that regardless of the taken at point 7, and that of the inlet valve at point T; 
on valve position, two thermocouples in the seat are always (Fig. 3); while the exhaust gas temperature was re- 
sc. located opposite two thermocouples in the exhaust corded at the outlet in the cylinder head. It will be 
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seen that at full engine load, corresponding to a m.e.p. of 
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Fig. 4. Exhaust valve temperature versus engine load and 
speed for operation with and without supercharger. 
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Fig. 5. Influence of Biichi supercharging upon valve and 
exhaust temperatures. 
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Fig. 6. Exhaust valve temperature variation with engine 
load for operation without supercharger. 
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9 kg. per sq. cm. with supercharging, and of 7 kg. per 
sq. cm. without supercharging, the respective tempera- 
tures of the exhaust valve are approx. 220 deg. C. below 
those of the inlet valve. At full load both with and 
without supercharging, the temperature difference 
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OPERATION WITH 
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Fig. 7. Influence of valve guide cooling upon exhaust valve 
temperature. 


between the hottest and the coldest points of the exhaust 
valve amounted to some 150-160 deg. C. At the root 
of the valve (measuring point K) the temperature was 
always about 90-120 deg. C. above that of the exhaust 
gases, the valve yielding heat to the exhaust gases. 
Fig. 5 indicates that the employment of supercharging 
considerably reduces exhaust valve temperatures. In 
the case of point T, for instance, supercharging is seen 
to reduce the temperature by some 140 deg. C., the load 
corresponding to a mean indicated pressure of 7 kg. per 
sq. cm.; while the corresponding decrease in the tem- 
perature of the inlet valve amounts to 100 deg. C. This 
may be partly attributed to the larger amount of excess 
air supplied to the cylinder when resorting to pressure 
charging. Also, because of the considerable overlap of 
exhaust and inlet valve opening near the T.D.C. position, 
a scavenging effect is obtained. At full load the amount 
of air taken up by the scavenging process amounts to 
some 27 per cent. of the total air supply. With identical 
valve temperatures the employment of Biichi-charging 
secures an increase in effective power by 28 per cent. 

In order to ascertain the influence of the width of the 
valve seat upon the valve temperature, the seat width was 
reduced from 7 mm. to 4 mm. and the test runs repeated 
under the same conditions as before. It was found that 
the exhaust valve temperatures were not materially 
changed. At measuring point 7, the temperature re- 
mained the same as before, as was also the temperature 
at point K. A temperature increase, however, obtained 
towards the periphery of the valve head, the temperature 
at point S, having increased by some 40 deg. C., and 
at point R, by 10 deg. C. The permanent temperature 
difference between S, (valve) and R, (valve seat) was 
therefore 30 deg. C. higher in the case of the narrow 
valve seat. At point S,, the temperature increased by 
12 deg. C., but at the juxtaposed point R, it fell by 
15 deg. C. causing an increase in temperature difference 
by 27 deg. C., that is to say, a temperature difference of 
67 deg. C. 

The respective influences of the cooling of the 
cylinder and of the valve guide upon the exhaust valve 
temperatures were investigated separately. The tem- 
perature of the water leaving the cooling circuit of the 
valve guide was kept at 20 deg. C., and the water exit 
temperature of the cylinder cooling circuit was then re- 
duced from 65 deg. C. to 35 deg. C. by increasing the 
flow rate with an inlet temperature of 10 deg. C. This 
resulted in a decrease of the valve temperature at point 
T, from 564 deg. C. to 562 deg. C.; while at point S; a 
temperature decrease from 367-5 deg. C. to 363 deg. C. 
took place. The corresponding temperature at point 
R, diminished from 350 deg. C. to 341 deg. C. The 
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TABLE I. 
n = 300 r.p.m Operation without supercharger Excess air factor = 1-98 
Air swirl 
Position of 
Deflector 

| 

| 1 (Normal) 
Valve head centre 546 556 | 567 594 
Valve head Tem | 588 569 | 535 560 
Valve head periphery : 538 522 485 | 507 
Valve seat Kin 517 525 496 514 
Valve seat in valve head Sim 475 468 453 486 
Valve seat in valve head Sym 358 489 439 467 
Valve seat in cylinder head R, 338 343, 380 393 
Inlet valve head centre Tz 329 329 365 372 





influence of the exit temperature of the water from the 
cooling circuit of the valve stem guide is charted in 
Fig. 7, which is based on a water temperature of 50 
deg. C. at the outlet of the cylinder cooling circuit. It 
will be seen from this graph that the influence of the 
cooling water outlet temperatures of the valve-guide 
cooling circuit extends solely to the metal temperatures 
at point Sp; and Sp,; while the temperature at the 
centre of the valve head (point 7,) remains unaffected. 
This cooling circuit therefore serves exclusively for 
safeguarding trouble-free running of the valve stem in 
its guide. 

In order to ascertain the influence of the deflector 
with which the inlet valve is equipped, four different 
test runs were made; the valve, and with it the de- 
flector, being rotated into the different positions in- 
dicated at the top of Table I. The temperatures given 
in this table are based upon an identical excess air factor 
of 1:98, the engine operating without the Biichi charger. 
According to the position of the deflector, the amount 
of induction air varies by 3 to 4 per cent; while it in- 
creases by some 12 per cent if the deflector is removed. 

If the deflector is placed in the position I and II in- 
dicated in Table I., a vortex is produced in the combus- 
tion chamber, a tangential velocity component being 
imparted to the induction air as it enters the combustion 
chamber. When located in position III, the deflector 
directs the air towards the exhaust valve ; and with the 
deflector in position IV the air is directed towards the 
cylinder wall. The temperatures of the exhaust valve 
are notably influenced by the direction of the air current 
thus produced. For position IV, the centre of the 
valve head attains maximum temperature at point 7). 
In position III the exhaust valve is especially well 
cooled where it faces the inlet valve (points T:m, T3m) 3 
while these points are hottest when the deflector is in its 
normal position I. The temperature of the inlet valve 
itself is lowest when tangential motion is imparted to the 
induction air, 
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STATIONARY HEAT FLOW IN THE EXHAUST 
VALVE. 


The temperature distributions in the valve body and 
seat, as shown in Figs. 8 and 9, were obtained by 
analytical evaluation of the temperatures measured. 
But in the view of the temperature variations over the 
circumference of the valve, these graphs can no more 
than approximately indicate the flow of heat in the valve 
body. The chief conclusions to be drawn from Figs. 8 
and 9 are as follows : 

About two-thirds to three-fourths of the heat 
absorbed by the valve from the products of combustion 
are rejected through the valve seat. The head of the 
valve and the root of the valve stem yield from one- 
third to one-quarter of the absorbed heat to the spent 
gases ; while the amount of heat dispersed by the valve 
stem is insignificant. The root of the valve stem does 
not receive any heat from the exhaust gases. There is 
thus no need for improving the heat flow through the 
valve stem by making it of the hollow sodium filled type. 
Sufficient metal area must, however, be provided for 
conduction of the heat to the valve seat, so as to avoid 
the occurrence of large temperature differences between 
centre of the valve head and the valve seat. 

In Fig. 9 are shown the respective temperature dis- 
tributions obtaining with and without deflector, the 
engine operating supercharged and at full load. The 
topmost part of the engraving shows the temperature 
distribution obtaining with the valve seat 7 mm. wide ; 
while the temperatures measured with the valve seat 
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Fig. 10. Cyclic temperature fluctuations at centre of exhaust 
valve head for different engine loads=n 300 r.p.m, 
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and valve masking upon temperature distribution in exhaust 
valve n=300 r.p.m. 
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Fig. 11. Evaluation of valve temperature diagrams. 


reduced to 4 mm. width are charted in the lower graph. 
Of the heat absorbed by the valve, 74 per cent is removed 
through the 7 mm. valve seat and 71 per cent through 
the 4 mm. valve seat, that is to say, the specific heat flux 
by conduction through the 4 mm. valve seat is 1-5 times 
that passing through the 7 mm. seat. With a seat 
width of 7 mm. the back of the valve head and the root 
of the valve stem yields 24 per cent of the absorbed heat 
to the exhaust gas, and 27 per cent with the 4 mm. valve 
seat. Two per cent of the heat absorbed by the valve 
1s removed through the valve stem. 

_ The amount of heat given off to the exhaust gas 
increases if the deflector is removed. Thus when the 
engine is run without the supercharger and without the 
valve deflector, the valve yields 32 per cent of its 
absorbed heat to the exhaust gases ; and this figure in- 
creases to 40 per cent when supercharging (see Fig. 9, 
lower graph r.h. side), 


CYCLIC VARIATIONS IN TEMPERATURE AND 
HEAT FLUX. 


Fig. 10 shows the cyclic temperature fluctuations at 
point 7, for three different engine loads at identical 
engine speed. The indicated pressure diagrams ob- 
tained with a piezo-electric indicator are also shown. 
It was found that the temperature at points T,, T., T;, 
and Ty, rose sharply during the combustion process, 
while the subsequent drop in temperature at point 
T,, T,, and T; slows down abruptly when the exhaust 
valve begins to open; and at the points 73;, 731, and 
Ts: of the periphery of the valve head (Fig. 3) the 
metal temperature even shows a temporary rise. That 


this rise is due to the high gas velocity and to the con- 
sequently high heat transfer rate prevailing at this point, 
is seen from the fact that no such temperature rise takes 
place at point Tz of the inlet valve, which is not swept 
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Figs. 12a, 12b. Influence of inlet valve masking upon cyclic temperature fluctuations at centre of exhaust valve head. 


by the stream of the exhaust gases. The temporary 
temperature rise as such is largely due to the masking 
of the inlet valve, the swirl created by the deflector still 
prevailing in the exhaust period. This effect is illus- 
trated by Fig. 12a, which shows the cyclic temperature 
fluctuations obtaining at point TJ, with and without 
deflector respectively. As will be seen from Fig. 12b, 
the presence of the deflector also serves to depress the 
amplitude of the cyclic temperature variation at point T, 
by some 25 per cent. 

The graphs given in Fig. 11 show the results of an 
evaluation of the temperature measurements taken at 
points 7; (centre of inlet valve head) and 7, (centre of 
exhaust valve head). The temperatures recorded at 
these points are given in the upper two graphs of Fig. 11. 


These temperature data were used to compute the 
amount of heat transferred to the valve at every instant 
of the cycle, thus obtaining the two charts given in the 
centre of Fig. 11. The coefficients of heat tranfer 
obtaining between the gas contents of the combustion 
chamber and the valve head can then be found as 


og = _— where q is the amount of heat trans- 
goer € 

ferred in kal per sq. m. per hour, &, is the gas tem- 
perature and ®, is the valve temperature. The gas 
temperature is computed from the (measured) pressure 
diagram with the use of an entropy diagram. The heat 
transfer coefficients computed in this way are plotted in 
the charts shown at the bottom of Fig. 11. 





T 
PERMEABILITY OF CONCRETE. : 
By L. Boyp Mercer. (From The Commonwealth Engineer, July 2nd and August Ist, 1945, Vol. 32, No. 12, 
pp. 349-357, and Vol. 33, No. 1, pp. 12-17.) 3 
PERMEABILITY of concrete may be defined as that cubic feet per second through an area of one square ‘ 
property of concrete which permits the passage of a foot under an hydraulic gradient of one foot per foot, P 
liquid, usually water, into and through the body of the thus : ; 
concrete when subjected to pressure. Such passage is OL. 
usually considered to occur without any impairment of a eee ‘ 
the structure or ———— of parts, but leaching or A.H. : 
corrosion is a natural corollary. The importance of ee ie - i 4 
securing impermeable concrete has long been realised, Where K = <= ee. 3 
but the means by which this desirable property may be 2 = rR va ft he aed nny ‘f 2 
obtained have been rather obscure. Testing of con- oe — bi, ne 9 es — ‘ ' 
crete for water retaining structures has. frequently Ht paced yo wo ye age -_ *- 0 
placed some reliance upon some undefined connection = COE eee CS ENE, HR at. 
between permeability and the compressive strength. An indication of the factors upon which K depends 
The formal definition of the permeability-of a porous can be obtained from the equation for flow in capillary 
medium may be stated as the volume of fluid of unit tubes, known as Poiseuille’s law : » 
viscosity passing through a unit cross section of the p.@-i,r? 9 
medium in unit time under the action of a unit pressure ee phat 50 cl 8 
gradient. It is thus determined entirely by the actual : Su ? 
pore openings and general structure of the medium and ; ; 
is independent of the fluid. Where v, = mean velocity of flow in tube, p 
Permeability is quite distinct from porosity which p = density of fluid, water at temperature a 
is only concerned with the relationship of the volume of under consideration, _ 
pores to total volume. It is conceivable, though g = acceleration due to gravity, f : 
improbable, that a concrete could be porous, but im- i, = h/1, = head lost per unit length i . 
permeable if it contained a series of disconnected air pene org » or slope of hydraulic : 
> 


pockets separated by impermeable material. 
Insomuch as the water passages through the body 
of the concrete are small, it is generally accepted that 
D’Arcy’s law for viscous flow applies. This enables us 
to express the “ Coefficient of Permeability ” as flow in 


r = mean radius of tube, : 
/& = coefficient of viscosity of fluid, water, 
at temperature under consideration. 


Now if Q is the total quantity of fluid passing through 
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Fig. 1. Test cylinder section sealed in brass ring. 


area A per second, then— 








7pgirt pg h 
Q=2s ——————_ = —Jrr—r 
8p 8 1, 
K.A.H. 
But Q = ————-,s0 that for H = h, 
E 
pg Zar L 
= candi r? 
8p A 1, 
Thus it is seen that the permeability coefficient, K, can 
be expected to vary with the temperature, viscosity, and Fig. 2. Permeability test apparatus. 
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Fig. 3.. Pluviograph charts. 








326 THE ENGINEERS’ DIGEST 


porosity of the specimen ; with L/I, the ratio of apparent 
to true length of capillary tube ; and with r?, the area 
of the pore. 

Several methods of test for the permeability of con- 
crete have been developed and used in research pro- 
grammes of various magnitudes, but no method has 
become generally accepted as standard procedure. 

The apparatus developed and used in research 
investigations at the University of Tasmania aimed at 
combining the attractive features from other known 
equipment. The desire to produce rapid results led to 
the use of a comparatively high pressure, 100 Ib. per sq. 
in., and perhaps unduly thin discs, [4 in. thick. It is not 
contended that this apparatus presents a scientifically 
accurate evaluation of the permeability coefficient, but 
rather that it is a simple piece of equipment which is 
useful in presenting rapid and comparative results. 
Briefly, the procedure adopted in the author’s work 
and equipment is as follows :—A concrete disc 14 in. 
thick is cut from a 12 in. x 6 in. dia. test cylinder by 
two cuts to minimise end effect, placed centrally in a 
% in. thick brass ring with internal diameter 63 in. and 
height 13 in., and the annular space between the sides 
filled with hot bitumen (see Fig. 1). The brass ring 
with disc is then set on a rubber ring on the lower of 


two 10 in. diameter by 3 in. thick steel plates, another 
rubber ring and similar steel plate placed on top, and 
the whole clamped together by eight 4-in. bolts. Water 
pressure is then applied to the top surface of disc. 
Pressure from the mains was used in preliminary 
experiments, but was superseded by compressed gas 
in an oxygen cylinder connected to water in reservoir 
for purposes of obtaining positive and constant pressure. 
Water passing through the disc discharged into a 
pluviograph which recorded the rate of flow. The 
apparatus is shown in Fig. 2, and typical pluviograph 
charts in Fig. 3. Test results were recorded on a 
standardised form. 

Perhaps the most significant conclusion to be drawn 
from concrete permeability tests is the necessity for 
avoiding hasty conclusions. Most investigations have 
been careful to preface their summary of results by 
stating that the conclusions submitted are tentative and 
only apply to the data presented. Nevertheless experi- 
ments appear to have verified that the percolation of 
water through concrete follows D’Arcy’s law for 
viscous flow. Moreover, it has been established that 
permeability is a definite property of concrete and is 
susceptible of evaluation by means of the coefficient of 
permeability as outlined above. 


THERMAL STRESSES IN A TUBE. 


By E. PALMBLAD. 


It is of considerable technical importance to be able to 
compute the thermal stresses which occur in a tube 
subjected to external heating or cooling. The exact 
mathematical solution can be found as follows : 

It is 
Ore m—2 0é m 0 
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where x andr are the co-ordinates in axial and radial 
direction respectively ; ¢ and p are the elastic deforma- 
tion in the directions x and r respectively. 

m is Poisson’s ratio ; 

G is the modulus of shear 
Ox, Or) Op are component stresses in the directions x, r, 

- and perpendicular with r 
is the temperature in deg. ic at the distance 
r from the centre ; 
a is the coefficient of thermal expansion of the 
tube material ; 


~ 


(From Teknisk Tidskrift, Vol. 29, July 21st, 1945, pp. 821-824). 


A is the thermal conductivity of the tube 
material. 

All dimensions of length may be given in cm., and 
all stresses in kg. per sq. cm. 

The tube considered may have an external radius ry 
and an internal radius r;, the corresponding surface 
temperatures being tu and t;. The quantity of heat 
flowing in radial direction through a sector @ per unit 
length of tube (Fig. 1) will be given by 

dt 
+ropa— 

dr 
Here the positive sign applies to the case of radial heat 
flow from the outer tube surface towards the internal 


Q = const. = 


tube surface. In this case it is 
dr 
= C, dt 
. 
By integration we have 
Inr C, 


C, C, 
In ru—In rj 
where Oo ee 


tu—ti 





Fig. 1. Cross section through piston rod of Diesel engine. 
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* tuln n—ti In ru 
and C, = eee 
tut 


This temperature function can also be written in the 
simplified form 


t=alnrd.. .. .. @) 


The temperature will be assumed as constant in 
axial direction, and it will also be assumed that the 
portion of the tube considered may be at sufficient 
distance from either free end of the tube to exclude any 
influence of the free ends. The thermal expansion of 
the tube in axial direction will then be given by 


€ = k.x where k = constant 


dé 0€é 
and it will be — = kand — =0 
Ox Or 
Oré Ot Op 
and — =0; —=0; —=0 
Ox? Ox Ox 


This indicates that the shear stresses (equation (6)) 





are zero. By combining equations (2) and (8) it can 
then be written 
0%p x Op p m+1l a 
—— oo = =~ |\@s) 
Or? or ar r? m—l fr 


In this equation the time factor is eliminated and p 
and r are the only two variables. The partial differential 
equation (2) can now be written as an ordinary differen- 
tial equation (0 d), and by combining the various 
constants of the equation in the constant p it follows 

ap 1 dp p p 
—+— —_ — — — — = 0 ss @b 
dr® fae r* r 


By integration we obtain 


B ?p 
p=Ar+—+—r.Inr Be (9) 
r 2 
where A and B are constants. 
tion we obtain 
Op B Pp 
— =A——-+-(nr+l).. «« ~0) 
Or r 2 


By substituting (2b), (9), and (10) in the equations 
(3), wee and (5), we obtain 


By partial differentia- 








(m+1) (m—2) 
Ox = ——]| (m—1)k+2A — ——————- nalnr + 
m—2 (m—1) 
m+l aa 
- <* om + nad -» (1D) 
m—l 2 
2G B(m+1)(m—2) 
Or= | b+ main—a —— ——— aa lnr+ 
m—2 7 2(m—1) 
m+1 
+ a (a+2b ] «= @82) 
2G B (m+1) (m—2) 
Op= [ ermal +(m—2) — — ———————. 
m—2 a 2 (m—1) 


m+1 aa 

aalnr +—— — + (m+1)ba].. (13) 
m—1 2 

The constants A, B and k can be determined from 


the boundary conditions for or, and from the expression 
for the total axial force 


Tu 
P, = | 2nroxdr Wg: ap --» (14 


rj 
The equations (1) and (7) are therefore solved. 


Application to the piston rod of a Diesel Engine. 

A leading manufacturer of marine Diesels experienced 
the fracture of the piston rods of his engines. It was 
assumed that these fractures were due to high thermal 
stresses. The salient data of the double-acting two 
stroke cycle engine in question were : 


Cylinder bore — 600 mm. 
Stroke , 900 mm. 
Engine speed 100 r.p.m. 
External diameter of piston 

rod 200 mm. 
Internal diameter of piston 

rod ee a “ 80 mm. 
Weight of piston 1000 kg. 
Weight of piston rod 600 kg. 


Ignition pressure 50 kg. per sq. cm. 

From these data the mechanical stresses occurring in 

the piston rod section were found as 
Ox = — 490 kg. per sq. cm. 
and ox = + 445kg. per sq. cm. respectively. 

Temperature measurements carried out prior to the 
fracture of the piston rod had shown that the external 
surface had a temperature of 280 deg. C. on the average, 
while the water cooled internal surface had a temperature 


of 140 deg. C. Introducing these temperature values 
into equation (8) we find 
140 = aln4—d and 280 = a ln 10—b 


and therefore a= 152:79; b= 71-82 
On the piston rod surfaces the radial stresses or must 


10 
be zero; with « = 0:000012, m = —, ru = 10, and 
3 


= 4cm., equation (12) yields 
10 
k+—A = —0-0020841 
“ 


= + 0-029714 
The constants k ane A can be found from equations 
(11) and (14), with Px = 0, yielding k = 0-0027632 
—— = wach 42. 
810,000 kg. per sq. cm., equations 
av, (12), a1 en a3) can now te ‘solved, and we find 


ox = 10,906—5,516 Inr ae - 
Or= 6,832—2,758 In r — 48,137/r? .. = (16) 
Op=4,074—2,758 In r + 48,137/r? «= (17) 


This shows that Ox = Or + Op 
Also, considering that the mechanical stresses are 


+hgfem* 


3000 + 

















Fig. 2. Temperature and stress distribution in piston rod 
section of Diesel engine. 








328 THE ENGINEERS’ DIGEST 


superimposed upon ox, it is found that the stresses are 
highest in the axial direction. Equation (15) yields the 
axial stress in the internal piston rod surface as 


6x= 10,906—5,516 In 4= +3,259 kg. per sq. cm. 
and in the external surface as 
6x= 10,906—5,516 In 10=—1,795 kg. per sq. cm. 


By adding the respective cyclic stresses of +445 kg. 
per sq. cm. and —490 kg. per sq. cm., we find that the 


stress in the inside surface of the piston rod varies 
cyclically between 


Omax= +3,259 +445 = +3,704 kg. per sq. cm. 

and oOmin= +3,259—490= +2,769 kg. per sq. cm. 
These stresses are excessive for the material in 
question, and led to the fracture of the piston rod. 


Fig. 2 gives a graphic representation of the stress dis- 
tribution in the piston rod. 


NOTES ON THE INFLUENCE OF AUSTENITIC GRAIN SIZE UPON 
THE MECHANICAL, PHYSICAL, AND TECHNICAL PROPERTIES OF 
CARBON STEEL. 


By G. DELBART and R. POTASZKIM. 


(From Revue de Métallurgie, Vol. 41, 1944. No. 4, pp. 97-110; 


No. 5, pp. 143-149). 


EXTENSIVE research into the influence of the austenitic 
grain size upon the mechanical, physical, and technical 
properties of steel has been carried out in recent years. 
Although the problem has not yet been solved in its 
entirety, a good deal of progress has been made to be of 
value in numerous cases as they occur in practice. The 
investigations referred to below were made at the 
laboratories of the Société F.C.M., formerly Etablisse- 
ments Cail, Denain, France. 

Both the deoxidation methods and the compositions 
of the four heats investigated are given in Table I. All 
four heats were prepared in a Héroult electric arc fur- 
nace. Three of the heats were of low carbon content, 
while the fourth was a 0-4 C. material. The austenitic 
grain size was determined in accordance with the 
MacQuaid-Ehn test, the results of which are given in 
Table II. 

Referring to Table II, it will be -een that ladle 
additions of 0-24 to 1-15 kg. of aluminium per ton re- 
sulted in a mixed grain size and normal structure. 
Increasing additions resulted in reduction in the size 
of both large and small grains and an increase in the 
relative amount of large grains present. Additions to 
the ingot mould as well as to the ladle resulted in a very 
fine grain of abnormal structure. 

The test pieces of the low carbon material (Ingots 
B and D), which had been cast in rounds of 30 mm. 
diameter and then forged into bars of 15 by 15 mm. 
cross section, were partly annealed at 900 deg. C. for 
half an hour followed by cooling in air, the balance being 
subjected to the same kind of anneal and then to heating 
at 650 deg. C. for 2 hours with subsequent cooling in air. 
In the tensile test the fine-grained and the coarse- 
grained material in the annealed condition exhibited 
substantially identical tensile strength, the heat treated 
fine-grained material being slightly inferior in strength. 
But the elastic limit of the fine-grained material proved 
to be superior, irrespective of the heat treatment. In 
annealed condition elongation of the fine-grained 
material proved to be identical with that of the coarse- 
grained samples, while the heat treated fine-grained 
material gave a slightly higher elongation. With 
regard to the reduction of area, the fine-grained material 
was superior ; but this superiority was more marked in 
the case of the heat treated samples. 

Samples were carburized in boxes-of 1,400 x 600 x 
400 mm., the carburizer being composed of equal parts 
of fresh and of recovered Houghton L compound. 
Carburizing time was 40 hours for normal penetration 
and 102 hours for deep penetration. Microscopic in- 
spection revealed that the depth of penetration was 
virtually unaffected by the austenitic grain size. The 
depth of the hypereutectoid zone—after cooling the 
carburizing box and before heat treatment—was found 
to range from 0-7 to 0-8 mm. in the case of normal 
depth of penetration, that is to say, 47-57 per cent of the 
depth of case. In the pieces subjected to deep penetra- 
tion, the hypereutectoid zone varied from 2:3 to 2-75 


mm., that is, 61 to 72 per cent of the depth of case. 
After heat treatment the hypereutectoid zone was found 
to have disappeared. 

It was found that carburizing time was without 
influence upon the number of soft spots. After 
quenching in tap water, soft spots were found to occur 
more or less in all steels excepting the 0-4 C. material. 
Generally, the prevalence of soft spots was greater in the 
carburized fine-grained samples. Salt water quenching 
was found to be a very efficacious means for suppressing 
the occurrence of soft spots even in the case of very fine 
grain material, which in the tap water quench de- 
veloped a large number of soft spots. The average 
surface hardness, however, was found to be the same 
regardiess of whether the quench was carried out in 
tap water or salt water. 

Regarding hardness variation in the depth of the 
case, it was found that with one single exception, the 
maximum hardness of the fine-grained materials was 
less than that of the coarse-grained samples, the 
difference in maximum hardness averaging some 0-5 to 
2:0 Reckwell units. Furthermore, the maximum case 
hardness of the fine-grained steel was found to occur 
closer to the surface ; and it was also established that 
the difference in surface hardness of the fine-grained 
and the coarse grained materials is substantially in pro- 
portion with the difference in maximum hardness. 
Moreover, the case of the fine grained material is more 
shallow. 


NOTCHED BAR IMPACT TESTS. 


Notched bar impact tests were conducted on car- 
burized samples of 160 mm. length and of 30 x 30 mm. 
section, the notch ending in a hole of 4 mm. diameter. 
The depth of the case was 1-7 mm., and 1-6 mm. in the 
steels D and B respectively. From the impact tests the 
following conclusions were drawn : 

The fine grained steel has the greater impact strength. 
Duplex hardening has a favourable effect upon the 
bending strength of the material, particularly of the 
coarse grained steel ; but it adversely affects the notched 
bar impact strength of both the coarse-grained and the 
fine-grained steels. Increased impact strength is 
characterized by a fracture which shows a fine texture in 
the core. Near the surface the fractures of the duplex 
hardened samples had a markedly silky texture, which 
does not, however, appear to be related to the im- 
provement in impact strength. The latter appears to be 
related rather to ferrite precipitations, the impact 
strength increasing with a diminution in such precipi 
tation. 

In heating the samples to 900 deg. C. prior to the 
quench, the material was protected against decaf- 
burization by packing it in used carburizer, while re 
heating to 770 deg. C. was carried out in the furnace 
atmosphere. Inspection of the quenched material re- 


vealed the presence of spots of troostite in the cal 
_burized case. 


These spots may have been due 1 
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TABLE I.—Cast1nGc DEtAILs 
INGOTS AT 500 KG. EACH (275 X 230 MM). 
























































Charge Desoxidation Aluminium Additions 
| Heat Ladle 
No. of Ingot Ladle Mould Total 
Sheet Scrap Total Hemat. Fe Mn Fe Mn Fe Si 
Heat Mark Iron Charge at at at 
kg. kg. kg. 80 per cent.|45 per cent.|90 per cent. 
per cent. | percent. | percent. | per cent. kg./ton kg./ton kg./ton 
D 0°240 _ 0°240 
46,472 1,700 4,100 5,265 — 0°66 — o'1o 
B 0°240 0°350 0°590 
46,475 Cc 1,700 | 4,100 55250 0°38 o°61 _ orlo 0°530 _ 0°530 
46,478 A 1,700 | 4,000 §,135 0°58 0-74 =O — or1o I°r50 | _ I‘rgo 
E | | | 0°270 | — 0°270 
46,481 1,500 | 35700 4,665 4°3 = 1°6 0°23 
F | | | | 0°270 | 0°250 | 0°520 














TABLE II.—ALUMINIUM ADDITIONS versus GRAIN SIZE 
0-10 per cent Carbon Steel. 








ne im- 
-s to be 
impact 
yrecip!- 
to the 


decat- 
hile re- 













































































































































































Aluminium | 
Additions gr/t | Austenitic Grain Size 
No. of Ingot , | Structure 
Heat Mark | Ladle | Mould| Total A.S.T.M. Grain Size | Mean Surface’ Type of Grain 
in | 
46,472 D 240 — 240 33 % No. 1+67 % Nos. 4-5 8,000 | 1/3 very large + 2/3 Normal 
medium 
46,472 B 240 | 350 590 Nos. 7-8 | 600 | Very Small Abnormal 
465475 Cc 530 | ae 530 | 47 % No.2 + 53 % No.5 | 7300 1/2 large + 1/2 | Normal 
| medium | 
46,478 A II50 _ 1150 | 72% Nos. 2-3 +28% Nos. 5-7| 5,000 | 5/7 large + 2/7 | Normal 
| medium | 
0-40 per cent Carbon Steel. 
46,481 | E | 270 — | 270 | 40 % No.2 + 60 % No.5 | 6,000 | 2/3 large + 1/3 | _ Normal 
} medium 
46,481 | F | 270 | 250 | 520 | No. 8 | 500 | Very small | Abnormal 
TABLE III.—INFLUENCE OF AUSTENITIC GRAIN SIZE UPON CRITICAL POINTS 
| Ac | Ac. | Ar | Ar. Ac, — Ar Ac, — Ar. 
No. of Method -——-——-——_——— 7 a oe 7 a | a ee : = 
eat oO | j 
Cooling co; | i gs fo|._|__| Se | a 5c 
esis » ee: ac » ecisa Ty esc; as IT] Seiss es v = iT 
fe ge|e3| 22) Fe) 22| $2) 22/3 | #2) 2s) S| $5| Z| 28) £3) 2/28 
AG| 45) As| 40] 40 / As] 40/40 | 4s] 46/40] As] 46) 46) as| 46] 85) as 
iia Air 724 | 727 |+ 3 | 852 | 866 |+14 | 550 | 555 | + 5 | 762 | 782 | +20 | 174 | 172 |- 2} 90] 84 |— 6 
: ae MR) etc ine Mc 2) oa ED ell Roll Bao Bol BL Sell 
Furnace 724 | 727 |\+ 3 | 852 | 866 [+14 | 632 | 647 | +15 | 797 | 817 |+20 92 80 |—12 55 49 |-— 6 
— Air 725 | 729 |+ 4 | 794 | 800 |+ 6 | 520 | 540 | +20 | 672 | 700 [+28 205 | 189 |—16 | 122 | 100 |—22 
481 SS | 
Furnace 725 | 729 |+ 4 | 794 | 800 I+ 6 | 612 | 627 | 15 | 713 | 733 | +20 113 | 102 |—11 | 81 67 |—14 
particles of carburizer which had not been removed Forgeability tests were conducted on bars of 9-77 
from the surface of the material prior to the quench. mm. diameter tested to destruction in the tensile test at 
In contrast to this, the surface of the samples quenched 800, 900, 1000, and 1100 deg. C. The shape of the 
from 770 deg. C. proved to have a uniform martensitic fractured pieces showed that grain size exerts a con- 
structure, which might account for the smaller impact siderable influence’ upon hot ductility. While the 
strength of the material. ws coarse-grained samples were forgeable at a temperature 
The influence of the austenitic grain size upon the as low as 900 deg. C., the fine-grained material requires 
transformation point was also studied, the test results at least a temperature of 1100 deg. C. Also, forge- 
being listed in Table III. It was concluded that ability diminishes with the amount of aluminium used 
(a) The critical points Ac,, Ac;, and Ar,, and Ar; in the deoxidation process ; or, in other words, forge- 
are higher in the fine-grained material. ability increases with the grain size. Thus, the steel D, 
_ (b) The respective Ac, points shows the smallest which had received an addition of 240 grams of 
divergence (3 to 4 deg. C.) and the respective Ar, points aluminium per ton in the ladle exhibited the best 
show the widest divergence (20 to 28 deg. C.). forgeability, while the steel A with an addition of 
(c) The transformation lags in cooling Ac,—Ar, 1,150 grams of aluminium per ton in the ladle was much 


Ac;—Argare always smaller in the fine-grained materials. less easily forged. Medium forging qualities were 
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TABLE IV.—CRreEEpP TEstTs 


Test bars: dia. = 4 mm, / = 100 mm and 32 mm 
made from bars of 20 mm dia. 


Heat treated 
Annealed at 850 deg. C., cooled in furnac« 










































































Elongation in 107° per cent. | Creep rate in 10-4 per cent per hour betwecn 
No. of Stress = 
Heat in Initial Total after Recovery Permanent 3rd-6th sth-1oth 25th-3<th 
kg/mm? 45 hours after 45 hours hour hour hour 
i} ' 
400 deg. C. 
15 110 | 144 | 88 | 56 | I1‘o | 8-4 | 3°4 
18 138 | 182 | 99 | 83 | 16°6 | 12°0 | 48 .- 
46,481 E oe 
coarse grain 20 _ | —_— | a | a | 31°2 23°1 | 9°3 
21 255 | 380 | 128 | 252 | 46°0 | 31'0 | 14°6 
10 77 | 116 | 70 | 46 | 13°3 | Ir‘o | 4°0 
46,481 F 
fine grain 12 92 | 166 | 714 | 92 | 25'8 | 21°8 | 78 
20 | 545 | _ | _ | _ | 451 | 300 | 86°3 
450 deg. C. 
| II | 50 | 106 | 66 | 40 | 15°0 | Ir'o | 42 
46,481 E : 
coarse grain 14 | _ | — | = | ee | 28'1 | 18-7 | 75 
RE BE RE RS SOE Se a: a a oe 
46,481 F | 6 | 78 | 122 | 53 | 69 | 17°7 12°5 | 78 
fine grain 
| 8 | 75 | 142 | 65 | 77 | 23°3 | 17°0 | 98 
| 14 | = | = | = | _ | = | == | 164 
400 deg. C. = eEseedeac, ~~ --— 
Creep strength in kg./mm? for a maximum creep rate | Creep strength in kg./mm? for a maximum creep rate 
No. of heat f :-— of :— 





5 x 10-4 per cent/hour 


10 x 10-4 per cent/hour 
between 25th and 35th hour] between 25th and 35th hour] between 25th and 35th hour) between 25th and 35th hour 


5 x 10-4 per cent/hour 10 x 10-4 per cent/hour 





46,481 E (coarse grain) 





181 | 


20°2 





12°5 | 


15'S 





46,481 F (fine grain) 10°5 | 


12°5 


| 
5° | 8-0 


| 





found to obtain with steel C, which had received an 
addition of 530 grams of aluminium per ton. 


CREEP RESISTANCE. 
Creep tests were conducted on bars of 4 mm. dia- 


meter and of 100 and 32 mm. length respectively, made 
from 20 mm. dia. bars. The test results obtained at 


THE INFLUENCE OF SHAPE UPON 


400 and 450 deg. C. respectively, based on test runs of 
45 hours each, are listed in Table IV. 

From these data it will be seen that the coarse grain 
material possesses a considerably greater creep strength, 
the difference in its favour as compared to the fine- 
grained material being some 70 to 80 per cent at 400 deg. 
C., and some 90 to 125 per cent at 450 deg. C. 


THE STRENGTH OF A BODY 


UNDER STRESS. 


By A. THUM. 


WHILE a first approach to the scientific analysis of the 
strength of a stressed body can be traced back to 
Galileo Galilei, it was Hooke, who in 1678, laid the 
foundation of the scientific theory of elasticity by his 
dictum ‘ ut tensio sic vis.’ But even Hooke did not 
yet perceive the concept of tensile stress; this was 
established some 150 years later by the French mathe- 
matician Cauchy. It may appear surprising that such 
a long interval came to pass until the concept of stress 
was established, but this can be explained by the cir- 
cumstance that the state of stress as such is of an ab- 
stract nature and cannot be measured directly, but can 
only be determined by computation. In the. case of 
complex designs it cannot even be arrived at by compu- 
tation, but must be determined from the measured 
strain. 

Beyond all doubt, the theory of elasticity and the 
analytical methods based upon it were responsible for 
outstanding achievements and advances. In fact, until 
some twenty years ago, the elastic theory formed the 
basis of machine design as a whole. However, it would 
seem that inexplicable failures of design gradually led 


(From V.D.I.-Zeitschrift, Vol. 88, November 11th, 1944, pp. 609-615).* 


to the conclusion that the theory as such possessed far- 
reaching defects. Frequent breakdowns of machinery 
and fractures of component parts occurred when the 
tendency set in to increase the physical size of machines 
beyond what had been previously attempted. Striking 
examples of the difficulties encountered in this respect 
can be found in the development of steam turbines, 
boilers, of the Diesel engine, electrical machinery, and 
also in the field of high speed traction and aviation. 
Unaware of the true cause of a failure the designer 
would attempt to purchase renewed safety by simply 
increasing the physical dimensions of the piece that had 
suffered fracture. But often this. did not remedy 
matters, and in fact it was generally the case that the 
increased size only aggravated the danger of failure. 
These difficulties led in many cases to the abandonment 
of inherently sound developments ; they also gravely 
impaired confidence in the abilities of the designers 
concerned. But more often than not such disappoint- 
* Abstract of a lecture given to a meeting of the V.D.I. on 28th 


August, 1944, on the occasion of conferring to the author the 
Grashof medal, the highest German distinction for engineers. 
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ments were due not to a lack of ability on the part of 
the designer, but to a one-sided overestimation of the 
applicabilities of existing methods of analysis and 
design. In brief, no cognizance had been taken of the 
fact that a knowledge of elastic theory, statics, dy- 
namics and thermodynamics does not suffice to solve 
all the problems encountered in design technique. 

Indeed, the real cause of these shortcomings can be 
said to be lack of attention paid to the technological 
aspects involved in machine construction and lack of 
knowledge with respect to the behaviour of materials 
under operating conditions. All computations of the 
physical pbenomena involved in a given machine will 
not avert failure if unsuitable materials are chosen and 
if the stressed part is not given an appropriate shape. 
Consideration must also be paid to the fact that the 
materials employed in the construction of machines 
are neither homogeneous nor ideal, but that they possess 
imperfections due to the inevitable factor of human error 
in their production. Moreover, each piece of material, 
as for instance, a steel shaft or a piece of steel wire, has 
a history insofar as it retains the characteristics impressed 
upon it by the various manufacturing processes through 
which it has passed. This history must be taken into 
account by the designer in order to evolve a successful 
design. 

Some twenty years ago a growing recognition of these 
problems led to the establishment of laboratories de- 
voted to technological research. Also, technological 
knowledge had become greatly enriched by the findings 
of research workers in the newly created sciences of 
metals and metallography. But even so, design tech- 
nique still remains afflicted with the fundamental 
shortcoming that computations are based upon the ele- 
mentary concepts of stress and strain which are applic- 
able merely to the simplest of structural shapes such 
as plain cylindrical or prismatic rods, spheres, cones, 
plates, discs, rings, etc. Computation of the stress 
distribution in the cross-sectional area of the piece is 
based on the assumption that tensile and compressive 
stresses are uniformly distributed and that torsion and 
bending stresses increase according to a linear charac- 
teristic. However, the unit stresses arrived at in this 
manner can only be considered as fictive or nominal 
stresses, as the uniform stress distribution assumed is 
hardly ever realised in practice. Also, notch-effect 
may be present, leading to considerable local stress 
concentrations far in excess of any nominal stress deter- 
mined by computation. Notch-effects also occur at 
points of abrupt changes in cross-section, and at all 
such points where changes in the direction of stress 
occur. 

Elementary elastic theory does not yet take account 
of the stress-raising influences of notches, as attempts 
at their analytical treatment lead to highly complex 
partial differential equations which cannot yet be solved. 
But it is these local stress increases which are especially 
harmful to fatigue strength. In the absence of analytical 
knowledge as well as of practical experience, a marginal 
coefficient—euphemistically called ‘‘ safety coefficient ” 
—was introduced ; but in many cases this turned out 
to be a coefficient of lack-of-safety rather than of safety, 
the greatest danger of fracture occurring where according 
to computation the factor of safety was held to be 
greatest. 

It gradually came to be recognized that the neglect 
of the influence of shape upon strength was the main 
obstacle to progress. For this reason present-day 
design technique is no longer based upon strength 
values obtained from the testing of simple plain test 
bars, but careful consideration is paid to the influence 
which the shape of the stressed piece exercises upon the 
Strength of the piece as a whole. The task of this new 
technique is, therefore, to evolve shapes in which stress 
concentration is eliminated to the greatest possible 
extent, and at the same time to reduce the dimensions 


at points of low stress to the minimum required. In 
other words, this technique aims at the design of uni- 
formly stressed parts as far as this can be reconciled 
with other considerations of design. 

This new method has proven particularly successful 
in cases where fluctuating or alternating stresses are to 
be carried. While in the old method it was considered 
sufficient to ascertain the so-called nominal stress, the 
new approach requires that the true stresses should be 
determined ; and their determination should not be 
limited to finding the stress prevailing at the weakest 
point, but should cover all points under stress. This 
demand is based upon the observation that with alter- 
nating or fluctuating load the highest stress does not 
always occur at the weakest section of the piece under 
stress, but that regions of stress concentration are places 
of incipient fracture. This phenomenon is strikingly 
illustrated by the fracture of identical pieces at widely 
separated points according to whether fracture is caused 
by static or dynamic loading. Once the point of 
greatest stress has been ascertained in a given design, 
the dimensions of other sections of the component 
under consideration can be reduced to a point where 
they are subjected to a stress as large as that prevailing 
at the critical point. 

Attempts to determine actual stress distribution by 
mathematical means are more often than not futile. 
In fact, the analytical approach cannot even be recom- 
mended, since in the mathematical method certain in- 
terrelationships are lost sight of only too easily. The 
designer—and this is a most important maxim of the 
new method—must, therefore, attempt to anticipate 
what the probable stress distribution will be, making 
the most of his intuition. 

Modern methods for measuring actual stress dis- 
tribution are based on the measurement of local strain. 
Precision instruments have been developed which permit 
the measurement of local strain as small as 1/500 
micron, so that stresses can be determined with an ac- 
curacy of 0-1 kg. per sq. mm. Owing to the small 
size of these instruments, they can be easily applied to 
narrow notches, and they can also be introduced into 
bores exceeding 12 mm. in diameter. 

Stress concentration is expressed by the “‘ shape 
factor ’’ ax, which represents the ratio of the maximum 
stress to the nominal stress. As inferred by its very 
name, the shape factor depends solely upon the shape 
of the stressed piece and not upon the material as such. 
For a number of simple shapes, numerical values of the 
shape factor have been determined by test and are 
available in tabular form. Where local stress concen- 
tration cannot be avoided by choosing a more appro- 
priate shape, counteracting internal compressive stresses 
can be set up by such methods as local carburising, 
nitriding, or flame or induction hardening of the sur- 
face. The effects of impact stresses can be mitigated 
by imparting to the affected part a certain amount of 
elasticity by reducing its cross-section. With regard 
to the employment of high strength steels, it should be 
noted that their fatigue strength is affected much more 
by notch effects than is the case with ordinary steels. 
In order to be able to take full advantage of the greater 
fatigue strength of high strength steels, special care 
must, therefore, be taken to eliminate any possible 
notch effects. 

In cases where low weight is of preponderant im- 
port, the component parts which carry the highest 
stresses occurring in the assembly concerned (auto- 
motive engines, airplane construction, etc.) are now 
frequently dimensioned on the time-strength principle, 
that is to say, their dimensions are reduced to a point 
where the component part is expected to fail after a 
given number of stress-cycles. This time-strength can 
be predicted from the N/S curve of the fatigue test. 
It goes without saying that component parts designed 
on this basis must be replaced after a requisite length 
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of operational service, in order to prevent their fractur- 
ing in service. This method appears as particularly 
attractive in cases where overloads are so few and so far 
between that it would not be justifiable to increase the 
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dimensions, and with them the weight of the part, to 
a point where it possesses sufficient strength to with- 
stand such occasional overloads for an indefinite lengti 
of time. 


ROLLING OF SCREW THREADS. 


By H. DINNER and W. FELIx. 


IN the works of Sulzer Bros., Winterthur, Switzerland, 
precision screw threads are frequently made by the 
thread rolling process. The superiority of a rolled 
screw thread over a machine-cut thread is due to its 
high accuracy, uniformity, and mirror-finish. Also, 
the manufacturing time of rolled threads is considerably 
shorter. 

A number of tests were made to establish the cha- 
racteristics of rolled threads under static as well as 
dynamic stress. The material employed in these 
tests was an open hearth bolting material of the follow- 
ing physical characteristics. 


Modulus of elasticity 

Limit of proportionality 
(permanent set of 0-005 “i 
cent) : 

Yield point (0- 2 per cent) 

U.T.S. on 


20,200 kg. per sq. mm. 


29-0 kg. per sq. mm. 
29-8 kg. per sq. mm. 
47-8 kg. per sq. mm. 
26-7 per cent 
69-0 per cent 
20 mkg. per sq. cm. 


Elongation (1= 5d) 
Reduction of area : 
Notched bar impact strength - 


In order to obtain comparative data, specimens of 
lin. thread were produced by (a) Rolling (b) Cutting 
(lathe) (c) Grinding (d) Milling. 

The test bar dimensions are shown in Fig. 1. The 
static tensile and bending tests yielded the following 
results. 


(From Technische Rundschau Sulzer, No. 1, 1945, pp. 131-134). 


a cleavage exists in the top of the thread which is due to 
the upward displacement of the material when forming 
the thread by rolling. This cleavage is particularly 
pronounced at the first and the last threads where the 
material is able to flow in axial direction; and this 
phenomenon is responsible for the fact that the first 
and the last threads are not fully formed. The cir- 
cumstance that threading by rolling leads to a lengthen- 
ing of the work piece is of no significance in most cases, 
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Dimensions of testJbar for static tensile test. 
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Fig. 1. 
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Fig. 2a. Test bolt for pulsating stress test. 





Tensile test 


Bending test 





U.T.S. 
kg./ 
sq. mm. 


Inner 
radius 
of bend 

mm. 


Thread TP: 
produced |_ kg./ 
by sq. mm. 


Type of Angle of 
fracture bend 
deg. 


Remarks 





Jo 35 —epe— 55 ——ere_— 60 ——wt0 20-4 








Rolling 38-2 57°8 | homogeneous 160 


Cutting 35'7 54:2 99 180 


34:7 54:4 39 180 
33°4 53:0 99 180 
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In all cases the fracture occurred in the threaded 
part of the piece. Dynamic tensile tests were carried 
out by the pulsating stress method, subjecting the 
piece to 3 million load cycles at the rate “of 350 cycles per 











minute. The results were as follows : 
Fatigue strength, kg./sq. mm. 
(pulsating load) 

Threading carried = 

out by Test bar Fig. 2a | Test bar Fig. 2b 
Rolling .. 29.2 20.0 20.0* 
Cutting .. ee 12.0 ae 
Grinding 18.5 — — 
Milling .. 19.2 12.0 9.0* 











*Specimen aged at 250 deg. C. 


All pieces fractured on the threaded part in the nut. 
Vickers micro-hardness tests registered much greater 
variations in hardness throughout the rolled thread than 
in the threads produced by the other methods. As will 
be seen from Fig. 3 the hardness in the rolled thread 
varied from 148 Vickers to 218 Vickers. This, of course, 
was due to the considerable compression of the material 
caused by the thread rolling process. 

Microscopic inspection was carried out on longitu- 
dinal sections. Referring to Figs. 4a-b the machined 
threads are seen to have normal microstructure ; while 
the rolled threads shown in Figs. 5a-b show a greatly 
deformed structure of the grain. Fig. 5a also shows that 


Fig. 2b. Test bolt for pulsating stress test. 
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Fig. 3. Vickers micro-hardness of rolled thread. 
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Fig. 4a. Grain structure of machined thread. 
(Top) Magnification 50 x 





Fig. 5a. Grain structure of rolled thread. 
(Top) Magnification 50 x 


Summing up it may be said that the static tensile and 
bending strengths of rolled and of machined threads are 
practically identical. But in the case of dynamic 
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Fig. 4b. Grain structure of machined thread. 
(Root) Magnification 50 x 





Fig. 5b. Grain structure of rolled thread. 
(Root) Magnification 50 x 


loading a rolled thread offers the advantage of a greater 
fatigue strength. Also a rolled thread is not subject to 
ageing. 


NEW METHOD OF IMPEDANCE MATCHING IN RADIO- 
FREQUENCY CIRCUITS. 


By G. GUANELLA. (From The Brown Boveri Review, September, 1944, pp. 327-329). 


THE impedances of the individual circuits of radio- 
frequency equipment are frequently unequal. In order 
to obviate the reflections and losses involved by mis- 
matching, special matching devices have to be inserted 
between such dissimilar circuits for the transmission of 
energy. For instance, matching is necessary between 
the tubes of a transmitter output stage with high load 
resistance and the low-impedance antenna transmission 
line or feeder system. In the case of low frequencies 
transformers with a corresponding turns ratio can be 
employed. By reason of the unavoidable leakage in- 
ductance of the coupled transformer coils, high fre- 
quencies generally involve tuning by means of addi- 
tional condensers, and should the working frequency be 
varied, corresponding re-tuning is therefore entailed. 

_ Anew coupler which obviates re-tuning is shown in 
Fig. la. It comprises two superposed windings W, and 
W, separated by an insulating tube R. Given sym- 
metrical currents i, (full-lined arrows) the magnetic 
fields produced by two closely-spaced superposed 
sections of conductor practically neutralize each other, 
1€., the mutual inductance of two successive turns of a 
coil can be neglected, while it is possible to replace the 
two windings by two straight conductors having the 


same cross-section, length, and spacing as the two 
developed windings. This Lecher wire system is re- 
presented in the equivalent diagram (Fig. 1b) by the 
equivalent line A. 

On the other hand, with unsymmetrical currents 7, 
(dotted arrows), the field vectors produced by two 
superposed sections of the conductors are added to- 
gether, with the result that the mutual inductance 
between the individual turns of the coil becomes an 
important factor. The double-wire coil system behaves 
here like a conventional choke coil, represented in the 
equivalent diagram by B. In this diagram the sym- 
metrical and unsymmetrical currents 7, and i,, re- 
spectively, are segregated by centre-tapped ideal 
transformers JT. Given an adequate number of turns 
on the windings W, and W, the impedance of the 
equivalent choke coil B becomes so high that, even 
assuming unequal potentials between the centre tappings 
of the input and output coils, the unsymmetrical 
current 7, can be neglected. In this case the described 
coil system forms an ideal transformer combined with an 
ideal line. 

In view of the effect of this ideal transformer such a 
system S can now be employed, as shown for example 


(a) Due to the suppression of the unsym- 
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in Fig. 2a, to couple a physically symmetrical circuit 
(connected to terminals 1 and 2) to a load resistance Ra 
having one pole earthed. By making the coil of suitable 
dimensions the surge impedance Z, of the matching line 
(A in the equivalent diagram Fig. 1b) represented by the 
coil system can be adapted to the pure load resistance Ra. 
In this case the input impedance Re occurring between 
terminals 1 and 2 is equal to the surge impedance Z, 
and in consequence also to the load resistance Ra, 
immaterial of the actual working frequency. 

By series-parallel connection of two or more coil 
systems impedance matching is also possible in a simple 
manner, independent of the frequency. Fig. 2b shows 
the input terminals of two systems of coils S connected 
in series and the output terminals in parallel. No 
objections can be raised to this practice provided the 
series inductance (B in the equivalent diagram in Fig. 
1b) is large enough. The load resistance Ra = }Zp is 
thus transformed to the input impedance 2Z,. Ana- 
logously, with n coil systems impedance transformation 
in the ratio 1:m? can be achieved. 

In Fig. 2c, four coil systems are shown connected 
between a transmitter output stage and the high- 
frequency antenna cable K, the resulting impedance 
transformation being in the ratio 47:1 = 16:1. Witha 
coil system having a surge impedance Z), = 2402, for 
example, a transmitter output stage with a load im- 














Fig. 2a, b, and c. Employment of double-wire coil systems for coupling and imped 


(b) By series parallel connection of two 
the load resistance Ra = 




















Figs. la and 1b. Double-wire coil system with equivalent 

iagram. 
(a) The coil system comprises two superposed windings W , and W»2 
separated by an insulating tube R (b). According to this equivalent 
diagram, where symmetrical currents 71 are concerned, the coil has 
the effect of a Lecher wire system A, but with unsymmetrical 
currents 72 the nature of a choke coil B. The symmetrical and un- 
symmetrical currents are segregated by ideal centre-tapped trans- 
formers. 


nies 





ig purposes. 


(c) The antenna cable K and output stage 
are “‘ matched ” by the four coil systems S. 








metrical currents by the series inductance of 
the coils such units can be used for coupling 
physically symmetrical circuits (connected to 
terminals 1 and 2) to circuits having one pole 
earthed (connected to terminals 3 and 4). 


coil systems 

4 Zo is transformed to the input impedance 

Re = 2 Zo (Zo = surge impedance of a coil 
system). 


Surge impedance of coil systems = 2400. 
Surge impedance of cable 

=240 0: 4=600 
Load impedance of output stage 

=2400 x 4 = 9600. 


Capacitive 


Inductive 


Q 


Fig. 3. Input impedance of matching unit when output 
terminals short-circuited or open. 

The matching unit comprises four double wire coils in series-parallel 

connection. The computed and measured primary impedances are 

plotted as a function of the frequency with the secondary terminals 

open and short-circuited. 


o. Test points. 


}Computed curves 


Rx. Input impedance with secondary terminals short-circuited. 
R.. Input impedance with secondary terminals open. 


pedance of 4 Z, = 9602 can be coupled to an antenna 
cable of Z,: 4 = 602. The coupled coil systems have 
the same effect as a transformer with separate windings, 
i.e., the symmetry of the anode circuit at the input end 
is not affected by single-pole earthing of the cable 
connected to the other end. Furthermore, the coupled 
coil systems behave like a Lecher wire system, i.e., the 
input impedance must follow a tangential function of 
the frequency when the terminals at the other end are 
open or short-circuited. 

The curves in Fig. 3 give the input impedance com- 
puted from the coil dimensions for conditions of short 
circuit and no-load. The measured impedance values 
are also given and agree with the curves to a high degree. 

Fig. 4 gives the curve of the input impedance for a 
load impedance of about 532. From the test points it 
is clear that the desired impedance transformation in the 
ratio of 1:16 is actually possible over a very wide 
frequeney range. The deviation of the plotted mean- 
value curve Re from the theoretical curve 1 is due to the 
load impedance being slightly lower than the theoretical 
value, as well as to the inherent capacitance of the 
circuit. 

The described method of matching is particularly 
suitable for application in the ultra-short-wave field, 
where it represents a big simplification compared to 
conventional tuned matching devices, 
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For Optimum Hardness and 
Strength 


Nitrided 
NITRALLOY 
STEEL 


Particulars from: 


NITRALLOY LIMITED 
25, TAPTONVILLE ROAD, SHEFFIELD 10 


Telephone: Telegrams : 
60689 Sheffield Nitralloy Sheffield 





WATER 
PURIFICATION 


FOR HALF A CENTURY 
John Thompson-Kennicott 


LIMITED 
WOLVERHAMPTON 


HAVE SPECIALISED IN SOFTENING, 
CONDITIONING AND FILTERING OF 
WATER FOR BOILER FEED PURPOSES 
AS WELL AS WATER USED FOR 
PROCESS PURPOSES: 

POWER STATIONS, 

RAILWAYS, 

TEXTILE WORKS, 

TOWN SUPPLIES and 

ALL INDUSTRIAL REQUIREMENTS. 








Send us your enquiries and take advantage of our 


UNRIVALLED EXPERIENCE 


Please give reference E/D with your enquiry. 











| “PRIEST” PRACTICABILITY. 








® Economy of fuel consumption. 


® Maintained high productive 
capacity. 


® Uniformity of heat distribution. 


® Close control of atmosphere. 
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Ignition problems do not work on the principle of the higher the fewer. 

This connection® for high tension magneto leads for the Bristol Centaurus engine is liable 
to find itself at a height of 35,000 feet or so, or ina 100% humid atmosphere plus a temperature 
of 90°Centigrade and a coating of oil for luck. Where this happens ** tracking ’’ (and cracking) 
can be expected unless the plastic material is exactly suited to its job. Beetle mineral-filled 
melamine fills the specification. Rotax, Ltd. estimate the service life of these Beetle melamine 
mouldings to be at least double that of alternative materials under such stringent conditions. 
Beetle melamine is-still reserved for purposes of the highest priority. 


%& Moulded by Joseph Lucas Ltd. for Rotax Ltd. 


> | ‘hy rR ie 
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G ACO is ideal for hydraulic sealing being grainless, resilient, 


Our staff of qualified technical 
Specialists is at your service. 
Consult us and we will solve 
your sealing problems. 


HYDRAULIC PACKINGS 
SEALS - GASKETS 


GEORGE ANGUS &CO.LTD. 
Fluid Sealing Engineers 


non-porous and highly resistant to oils, fuels and chemical 
corrosives. It is widely used in the hydraulic and pneumatic 
control «systems of aircraft where only materials of the 


highest grade can be employed. Its unequalled surface: finish 


and dimensional accuracy is well. known to all designers. 





TRADE MARK 


OIL SEAL WORKS, 


NEWCASTLE UPON TYNE 
TELEPHONE 56/61. 
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PUMPLESS AIR-COOLED 
RECTIFIER FQUIPMENTS 





complete 
rectifier 
sub-station 
of unit 
construction 


—comprising a 
rectifier, transformer 
and switchgear on 
one Sian to provide a D.C. supply wherever it is 
wanted. The unit can be put down in a corner of 
a yard, works or other convenient place and 
connected directly to an A.C. supply. 

SIMPLE, QUICK AND INEXPENSIVE ERECTION AND INSTALLATIOY 
The Rectifier is completely screened. 


WRITE for illustrated Technical Description No. 353 





Advt. of The General Electric Co., Ltd. Head Office: Magnet House, Kingsway, London, W.C.2 
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A MENACE REMOVED 


The mammoth, together with other large animals 
of the period, must have been a problem to 
primitive man. Yet it is man who has survived, 
partly owing to his ingenuity in constructing traps 
to defeat and destroy his more powerful enemies. 


In modern civilization the problem of ejection 
of liquids from pressure lines in industrial 
processes is met by. the VICTOR TRAP of 
large capacity, having small overall dimensions. 


For extraction of fiquids and impurities 
from air lines, see leaflet No. D. 2001 





VICTOR PRODUCTS (wattsenp) LTD. 


WALLSEND 63271-2-3° WA. 1 L S E N 1B) % ON = TYN E 


3 TELEGRAMS: 
VICTOR WALLSEND 
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THE ENGLISH ELECTRIC COMPANY LTD 


QUEEN'S HOUSE, KINGSWAY, LONDON, W.C.2. 


London Office: 


INDUSTRIAL MOTOR WORKS 


BRADFORD 
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A. and Oil 
House Equipment 








HEENAN & FROUDE LIMITED 
ENGINEERS WORCESTER ENGLAND 




















THE ENGINEERS’ DIGEST 


oe 
Dishes 
adequate 


te 












make your tests 


with THE 
METROVICK 


DIRECT-READING 


VELOMETER 


i dre  M¥fickers ‘N 


ee ROE Pe i VI: rs LTD. 


@ TRAFFORD PARK --- MANCHESTER 17. 
a) 


























THE ENGINEERS’ 


DIGEST 




















for 
First-Class 





























THE ENGINEERS’ DIGEST xi 








Throughout the War a very large 
proportion of the pipe lines of all 
British Aircraft have been made of 
TUNGUM ALLOY tubing. High 
strength to weight, resistance to 
corrosion and fatigue are some of 
the major reasons for its use. In 
addition, it has good thermal con- 
ductivity, is non-magnetic and easy 
to work. TUNGUM ALLOY Tub- 
ing has stood up to every added 
demand made upon it by increased 
speeds, altitudes and working 
pressure! If you use tubing it 
might be well worth your while to 
investigate the probable advant- 
ages offered by TUNGUM ALLOY 
Tubing. Available in sizes from 
dy” o/d upwards. 





/ Tungum Alloy is also available 


\ 
: : r i 1| ff as Rod and Bar ; Sheet and 
'U L | a, SEeMDe Strip; Wire Rope, Gauze and 
tame i Springs ; Castings, Pressings, 
ALLOY etc. Special data sheets dealing 
ee : - with these fabricated forms of 


Tungum may be obtained free 














on request. 
: TUNGUM SALES CO., LTD. 
=H | BRANDON HOUSE, PAINSWICK ROAD, CHELTENHAM. 
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ZF The story goes that Fulius Cesar divorced his wife, not 


because she had actually ‘ done wrong’ but because 
there were rumours. Hard luck (perhaps !) on Pompeia. 


The tools and jigs, the gauges and moulds of modern production must 
be like Ceesar’s wife — above suspicion. Else in a thousand, a million 
products, the tiniest flaw, the smallest 
error will be multiplied and manifest. 


‘Right from the Start’ 


ALLTOOLS LIMITED 


125 HARLEQUIN AVENUE, GREAT WEST ROAD BRENTFORD, 
MIDDLESEX TELEPHONE : EALING 6464 









CRS 
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.. werk 
Music il Chores 






Experience proves that output climbs when T.R. 
“Music for Workers” is installed. Fatigue is 
minimised, workers are kept in fine fettle. Thus 
everyone concerned benefits. This T.R. Service is 
complete and efficient for it includes expert advice 
on fatigue-relieving programmes. Moreover T.R. 
adjust their Loud-Speakers for each installation so 
that the music is heard clearly and comfortably 
under the particular factory conditions prevailing. 


p tTo. 
TELECOMMUNICATION ali TIME RECORDING 
* MUSIC FOR WORKERS © 


HEAD OFFICE : 
KENT HOUSE : KNIGHTSBRIDGE : LONDON, S.W.7 


Installation Companies in London, Birmingham, Bristol, Cardiff, Leeds, Manchester, Sheffield, 
Newcastle-on-Tyne, Glasgow, Belfast, Dublin; and Maintenance Engineers 
throughout the Country. 
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&@ Visit our Stand No. 40 at the 
GAUGE & TOOL MAKERS’ EXHIBITION 
New Hall, Vincent Square, 
London, S.W.|. 
JANUARY 7th—/8th, 1946. 


Dene specifically for 

the efficient removal of material 
with a minimum expenditure of 
time and power. 

In introducing these tools, we feel 
they will add still more prestige 
to the trade mark they bear. 


THE SHEFFIELD TWIST DRILL AND STEEL CO. LTD. 


SUMMERFIELD STREET * SHEFFIELD ENGLAND 


Phone; 24137 (5 lines). 
London Office ; - 
Phone; Central 7235 


Grams : Proells. 
Thames House, Queen Street Place, E.C.4. 
Grams : Proells, London. 





DORMER... 


AGH POWER SWELL END MILLS ¢ END MILLS. 


JA HIGH SPEED STEEL TWIST DRILLS, 
REAMERS, END MILLS, SLOT DRILLS, 
COMBINATION DRILLS & COUNTER- 
SINKS, HOLLOW MILLS, T-SLOT 
CUTTERS, WOODRUFF CUTTERS, 
COUNTERBORES, COUNTERSINKS, 
LATHE CENTRES, CARBON STEEL 
TWIST DRILLS, SCREW EXTRACTORS. 
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Vwv sal, Joinib 


HIGHEST GRADE MATERIALS AND WORKMANSHIP 


PROVED 


RELIABILITY AND PERFORMANCE 


QREAT STRENG Ty 
1G 


(HIGH SPEEDS = LOW DEFLECTION] 


Meee NT EES AND MANUFACTURE RS 
GEO.H. WHITEHOUSE & SON, ENGINEERS, GREAT BRIDGE, STAFFS. 
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SOPP ar ROD 


FOR IMPROVED MACHINABILITY 





AND IMPROVED SURFACE FINISH 


Experience has confirmed that this alloy has a machinability rating of 95% of that of free 
turning brass. It may be machined with tool speeds, tools and tool settings similar to those 
used for free cutting brass, but carbide tipped tools are recommended to prolong tool life. 
I.C.I. High Speed Machining Copper Rod is the ideal material for the high rate production of 


large or small repetition parts of electrical equipment. For full information please write to : 





IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.! 
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so that tools and cutters can be 


(o) 
< 
O 
a4 
=< 
rad 
< 
a 


27101 (6 lines) 


WG 


Xe 


CWC 


Tool Grinder is designed to cover a wide 
range of operations in the shortest possible 
A. A. JONES & SHIPMAN LTD., 


avoid loss of production and the resultant 
The Jones-Shipman Fig. 301 Cutter and 


Correctly ground cutting and relief an 
on tools and cutters must be maintaine 
high manufacturing costs. 

edges keep costs to a minimum. 
quickly and accurately ground. 


times, 
EAST 








CUTTER & TOOL GRINDER 
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The British Thomson-Houston Co. throughout chases six y 
of war has strained every nerve and sinew to provide more, more, 
and yet more, munitions of all kinds for the ultimate destruction o 
the horror which has threatened the entire world. 

Not yet can the full story be told of the miracles which were 
achieved, the disappointments, the problems which were solved i 
connection with such things as Radar, Jet Propulsion, and mam 
devices for the Admiralty, Army, and Air Force, which must stil 
be kept secret. 

The BTH Co. in turning from war to peace, will be able to pr 
vide a large proportion of the electrical equipment used in industry. 
including turbo-alternators, generators, switchgear, transformers 
rectifiers, mining and rolling mill machinery, motors, control gear 
including electronic and amplidyne control, Mazda lamps of all t 
including fluorescent lamps, lighting fittings, and many other 


‘THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND. 
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Nowadays there is no need to lend or 
borrow documents —to hold up discussion 
while they are “passed round.” Charts, 
graphs, sketches, records, instructions and 
reports can all be quickly copied by the 
‘Photostat’ machine. In this way, every 
executive and technical expert engaged on 
the job is provided with his own complete 
set of documentary material. 

‘ Photostat’ copies are exact photographic 
facsimiles of the originals. They stand up 
to the wear and tear of working conditions. 

The ‘ Photostat’ machine is simple to use, . 
and thorough training is provided for all 
operators, without charge. For full parti- 
culars, or to arrange for a demonstration, m 
you are invited to write to Photostat Limited 
at the address below. 
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BRIDGING THE GAP... 





Coles Mark Vil. Series Il. 
Lorry Crane mounted on Thornycroft Chassis. 


Coles Cranes bridge the gap between 
manufacturer and consumer. By speeding materials handling they effect 
economies in the one department where worthwhile economies can still 
be made. How do they do it? To tell you would need more space than 


we have for disposal. But the facts are available on enquiry. Send NOW. 











Crown Works, SUNDERLAND, and London Crane Works, DERBY. 


Enquiries to Dept.2: 4 Deans Yard, LONDON, S.W.I. Tel. : ABBey 2344/5 and 
235 Bath Street, GLASGOW, C.2. Tel. : DOUGLAS 7341 /2/3. 
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drill faster on an 


ARCHDALE 


LEDSAM STREET, BIRMINGHAM 


JAMES ARCHDALE & CQ. LTD. 
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Gravity roller conveyors have done a big job 
accelerating the handling of supplies for the 
war fronts. The main component was Tru-Wel 
electrically welded steel tubing. We made 
these tubes by the million—at high speed— 
enough to lay a pipe line from England to 
Moscow and back ! 


Our war experience in producing tubes at 
greater and greater speed can be helpful to all 
branches of industry switching over to post- 
war reconstruction. If you need conveyors on 
assembly lines or for loading and unloading; 
if steel tubes can become an integral part of 
your product, Tru-Wel steel tubes are available 
in thousands or millions—shaped to your needs. 





Tru-Wel electrically weldza steel tubes are mass-produced toyour 
requirements ; identical in lightness and strength ; in concentri- 
city and evenness of wall-strength ; identical in composition so 
thatallcan be manipulated with equal ease andatfull-powerspeed 


MADE BY 
TUBE PRODUCTS LIMITED 
OLDBURY, BIRMINGHAM ® 


A MEMBER OF THE TUBE INVESTMENTS GROUP 
T.4n 
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A Fundamental Advance in Engineering Design 





A self-locking one-piece all-metal 
stiffnut that sticks on any job 





*No damage to bolts *Absolutely proof against vibration in any form *Torque 
unaffected up to 500 degrees Centigrade Equally effective when immersed 
in oil *Homogeneous construction — no parts to deteriorate in wear 


HE ever-increasing capabilities of modern aircraft 

have placed a correspondingly greater reliance on 

fastening devices. This has been particularly true in the 
evolution of that essential item, the stiffnut. 

Philidas engineers set to work 
to produce a stiffnut which 
would carry out its purpose, no 
matter what the odds. In order 
that no part of the bolt or the 
nut should wear unevenly, they 
decided that the stiffnut must 
depend on a homogeneous 
construction which would be 
equally effective in all types of 
metal. In order that it should 
be of universal application, the 
friction action in the threads 
must be capable of manufacture 
in any size and any thread, and 
the action of the friction portion 
cover several circumferences of 
the nut. Variations of tempera- 
ture at extreme ranges must have no appreciable effect on 
the torque exerted on the bolt. 

The Philidas stiffnut was specifically produced to meet 
these exacting conditions. It combined all the essential 
requirements. 

After exhaustive tests, the Philidas was not only passed 
for unrestricted Service use but also recommended for 
tropical use. A fundamental advance in engineering design 
had been made. This new tested stiffnut overcame all the 
weaknesses which had previously been apparent. 





similar type of stiffnut. 


All-round “ pincer ”’ grip 


Wherever there is a problem that involves a constant 
grip on a threaded bolt, whether screwed to a face or 
unsupported, there is no doubt that it can be solved by the 
use of Philidas. 

A “pincer” action is achieved on the bolt threads by 
making two parallel cuts from either side of the friction 
portion of the nut. The nut is then set. This results in 
threads of the friction portion being slightly out of phase. 
The torque produced on application is evenly spread over 
the complete circumference of several threads. 


THE “ PINCER” GRIP 


The Philidas has two parallel 
interlocking cuts 
friction portion of the nut. After 
being set, the threads are slightly 
out of phase. When the stiffnut 
is applied, a considerable torque 
is produced, part of which is 
illustrated here. The flange A, 
attempting to return to normal, 
exerts a strong pressure down on 
the bolt thread, while the other 
arm of the “ pincer” is made by 
the stable portion B. 

This grip covers 270 degrees 
of the circumference of the bolt. 
The second cut, being diametri- 
cally opposite, exerts a similar 
force on the thread. The result 
is an even pressure, throughout the full 360 degrees, bearing 
on more than double the surface covered by any other 


Despite the considerable torque exerted on the bolt, no 
damage is done to the bolt even after many hundred appli- 
cations. Part of the torque tests included heating a sample 
mild steel stiffnut on a mild steel bolt to a temperature of 
500 degrees C. The torque was 
measured at intervals of 50 
degrees C. It was found that the 
torque never dropped appreci- 
ably below its initial value and 
was actually doubled at around 
450 degrees C. At 500 degrees 
C., the limit of the test appar- 
atus, the torque still remained 
well above its initial value. 

Another outstanding advan- 
tage of the Philidas is that by 
reason of its homogeneous con- 
struction and its design, it can 
be made in any material, inclu- 
ding the latest light alloys. For 
electrical purposes particularly, 
Philidas in brass has innumer- 
able uses. If you have a vibration problem in your post-war 
production designs, Philidas will fix it for you. 

Samples of Philidas in any size, thread, or material arc 
available now for test purposes, and further particulars 
can be supplied on request to Dept. F. Rog 


ENDURANCE TEST TO DESTRUCTION 
Bolt thread 


Six Philidas }-inch B.S.F. mild steel stiffnuts were sub- 
mitted to exhaustive torque tests by the Air Ministry before test 


across the 


Testing Dept. Each nut was screwed on and off a mild 
steel bolt 50 times ; the friction portion being completely 
disengaged each time. To pass the test the initial torque 
must never be less than 1.8 Ib. ins. 


In all cases the final torque was more than 50% of the After 50 
initial torque. applications 

The test was then continued in an attempt to destroy No ch - 
one of the nuts. After 1,000 applications the test was after 250 
discontinued, as a torque of 1.3 Ib. ins was still held qyprications 
(minimum test requirement 0.9 lb. ins) and showed no 
signs of reduction. BX 

A projection of the bolt thread engaged by the friction ei Mes 
head was examined for signs of wear during the test. 
Even after 1,000 applications, amount of wear on Lott after 1.010 
thread was completely negligible. applications 


PHILIDAS 


a nut with a steadfast purpose 
PHILIDAS LTD.—THE AERODROME — READING 
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BOLT IS BRANDED 
WITHITS OWN 
DISTINCTIVE 
MARK. 


DIGEST 





HEN, many years ago, 
we first introduced 
“branded bolts” accompanied 
by their now well-known 
slogan “‘ twice as strong,” we 
did not anticipate that we were 
to become world pioneers of a 
large industry. 

Since that time we have 
made and distributed liter- 
ally hundreds of millions of 
our “Newall Hitensile ” 
heat-treated steel bolts. Our 
later developments—“‘ New- 
alloy,” ‘‘ Newallastic” and 
** Newall Hi-tem ”—are re- 
cognised by engineers. as bolts 
having very special qualities. 
Each type of bolt is branded 
with its own distinctive mark. 
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TRACTA JOINTS 


(CONSTANT VELOCITY) 


FOR ALL ANGULAR POWER TRANSMISSIONS 


INVALUABLE FOR 
USE IN 


SPECIAL FEATURES Manual operating gear 
for bulkhead doors, fuel 
valves, seacocks, boat- 
launching gear, fire- 
extinguishing apparatus, 
etc. Engine room and 
control telegraphs. 
Tachometers. Remote 
controls of all types. 
Gun-turrets. Searchlight 
controls. Torpedo-tube 
operation, etc., etc. 


Absolute Constant Angular 
Velocity © High Angularity ¢ 
Heavy Load Capacity © Ease 
of Adaptation © Correction for 
5 Faulty Alignment @ Friction 
Minimised © Negligible Wear 





Drives for all Auxiliary 
‘e Services. 




















MANUFACTURED BY 


BENDIX LTD 


TYSELEY, BIRMINGHAM 


Send for 
Booklet No. 34 
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Do you need “distilled” water ? 


Permutit “Deminrolit" Process cuts cost as much as 95% 





Uf ANALYSES OF WATER BEFORE AND AFTER TREATMENT BY 
PERMUTIT ‘DEMINROLIT’ PLANTS IN COMMERCIAL USE. 
(Note -All figures in parts per 100,000.) 

































































































Plant No. 1 No. 2 No. 3 
Water Crude | Treated || Crude | Treated Crude | Treated 
Cations 
Calcium Cal} 3.2 - 9.4 - 10.7 ~ 
Magnesium Mgij 0.8 = 0.36 - 1.09 - 
Sodium Najj 0.46 0.23 1.0 0.31 1.66 0.44 
Total 4.46 0.23 10.76 0.31 13.45 0.44 
Anions 
Carbonate CO3/|} 4.2 0.24 12.4 0.29 10.5 0.57 
Chloride Cl : 0.06 2.5 0.12 2.84 0.30 
Sulphate sy 1.35 - 3.48 0.03 11.95 - 
Nitrate NOsi} - ~ - - j2 .15 wa 
Total 7.55 0.30 18.38 0.44 26.44 0.87 
bake Pe | 11.81 0.53 39.89 1.31 
COST per 1000 

gallons 5.22d 16.5d 











The table shows the composition of some types of water before and after treatment 
by Permutit’s “ Deminrolit” Process. Water similar to a distillate is produced 
by this process at a fraction of the cost. Where distilled water was too expensive 
you can afford “ Deminrolit ” water. The process has been in practical use in 
Great Britain for over 7 years. Write for technical publication “ Distilled Water 
without Distillation ” to 


PERMUTIT Company Limited 


Dept. T.B., Gunnersbury Avenue, London, W.4. Chiswick 6431 
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ELECTRODE SOLDERING 
AND BRAZING MACHINE 


 yelehieteg for soldering or 
brazing on a production 
basis. Soldering temperature is 
quickly attained and heat evenly 
distributed. The machine can be 
supplied fitted with the required 
number of electrodes to suit 
individual requirements. 









Please send us samples of your 
components with your enquiry. 





PROPRIETORS: STANDARD TELEPHONES AND CABLES LIMITED 
FERNOOWN, NORTHWOOD HILLS, NORTHWOOD. sieaey 











Telephone; PINNER 4885 
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CONDEMNED ACOMMENODEDO 








The Stove with definite scientific 
characteristics proved in actual service by 
thousands of users throughout the country. 


TANGYE 


PERFECTED HEATING STOVE 


TANQYES LTtO,, BIRMINGQHAS 
TELEPHONE: SMETHWICK 1181 TELEGRAMS: TANCYES, BIRMINGHAM 
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“WARDITE” 


TUNGSTEN CARBIDE 


TOOLS & TIPS ALL GRADES & SIZES 
CUTTER BITS FOR COAL & STONE 


FOR QUALITY & SERVICE 











REMEMBER THE NAME - “WARDITE” 


Over 50 years’ service to 
the Engineering Industry 


THOS W. WARD LTD. 


ALBION WORKS, SHEFFIELD 
Telephone: 26311 (15 lines) 





LONDON OFFICE; BRETTENHAM HOUSE, STRAND, W.C.2 








CONSIDER THE WISDOM OF FITTING 
i ABSOLUTELY SAFE AND EFFICIENT 
PUSH-BUTTON STATIONS. 


RIGHT: SPECIFY 
CTADT: DONOVANS 


Ons 









STANDARD, START 
and STOP STATION. 





DONOVANS 


THE DONOVAN ELECTRICAL C°L™® BIRMINGHAM, 9 
p tg Sh avn cgureens ANG STICRNOLOERS. 
none - STECHFoRD 2277 (PB.X.) ‘Grars -DONOV, MINGHAM 
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HORSEMAN 




















BRITISH ROPES LIMITED 


HEAD OFFICE DONCASTER: 
OFFICES WORKS AND STORES THROUGHOUT GREAT BRITAIN. 
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T. CALDWELL & SON, Victoria Mills, St. John Street, BOLTON, Lancs. 


STEEL LORRY BODIES 





Specialities : Plant available : 
SHEET METAL WORK 3’ x 4” PLATE GUILLOTINES 
STEEL DUCTING ad a is 
- FABRICATED STEEL COMPONENTS ak Oe. ” 
age 10’ x #%” BREAK BENDING MACHINES 
ee ae Sane ELECTRIC WELDING PLANT up to 600 Amps 
CONSTRUCTIONAL STEEL WORK BENDING ROLLERS 
FUEL TANKS MECHANICAL & HYDRAULIC PRESSES 





Also LIGHT SHEET METAL WORK for MECHANICAL, ELECTRICAL & CHEMICAL ENGINEERS 


Telephone: BOLTON 3672-3 Established 1877 


— ———————— OG 

















OXYGEN CUTTING MACHINES 


For cutting steel to any size, shape or thickness. 








OVER 30 MODELS 





THE CIRCALINE MARK Il. 


is probably the handiest and most versatile of 
our range. Compact and light enough to be 
truly portable yet sturdy enough to stand up 
to the rough and tumble of a busy works, it is 
shown set up for straight 90° cuts of unlimited 
length. It also cuts circles from 14” diameter 
upwards, ovals and curves. The cutter can be 
set to cut bevels, and an additional head carrying 
two or three cutters can be fitted for plate edge 
preparation for welding. Can also be fitted with 
a head and patented nozzle for machine gouging 
—our latest development. 


HANCOCK & CO. (Engineers) LTD., PROGRESS WAY, CROYDON 


Telephone: CROYDON 1908 (3 lines) Telegrams ;: “ HANCO.” PHONE, CROYDON Code: ABC 6th EDITION 


























THE ENGINEERS’ DIGEST 





If you are still worrying about reaching both sides of the work 
when riveting . . . if you think that husky he-men are needed to 
do the job . . . if you tolerate the consequences of unequal rivet 
expansion—then you certainly need to learn about the Chobert 

System of Blind Riveting. It enables unskilled female operatives to 
place up to 1,000 rivets per hour . . . to reach inaccessible and “ round 

the corner” positions. It automatically ensures pressure fit with 
controlled expansion. Nor are we talking about miniature rivets. Diameters up to 
3% in. heavy-duty steel are child’s play with the power-operated gun. Shall 
we discuss the matter ? We may both learn something about each other’s work ! 


CHO BERT Scr sno sven 


AVIATION DEVELOPMENTS LTD. 
Kingsbourne House 229/23! High Holborn, W.C.I. CHAncery 8601/2/3. 
Aviation Developments (Canada) Ltd., 152, King Street West, Toronto 
Australian Agents : Robert Bryce & Co. (Pty.) Ltd. 518-32, Little Bourke Street, Melbourne, C.! 


















CROLL ENGINEERING LIMITED 
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(Ze. © ous only 


aS maximum width 32° 


. minimum thickness 
0015" 


4 

















CLARE LATCHED ENDMILLS IN CLARE QUICK CHANGE 
MILLING CHUCKS CANNOT SLIP OR CREEP SO THIS 
CAUSE OF BREAKAGE CAN NOW BE ELIMINATED 


CUTTERS UP TO 8" DIAMETER 
BOTH END MILLS & CHUCKS NOW IN STOCK 


OFFICE ADDRESS— 
CLARE-COLLETS LTD., SPRINGFIELD LANE, SALFORD, LANCS. 


Tel.: BLACKFRIARS 5892/3 
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CAM-CONTACTOR CONTROLLERS 
HAVE THESE 


“DISTINCTIVE 
FEATURES” 











NO “ARCING.”* NO “WELDING.” 
The Patent Snap-Trigger Action makes 


it impossible. 


A FULL RANGE FOR ALL CIRCUITS 
A.C. and D.C. 


SIMPLICITY OF CONTACT RENEW- 
ALS. Contacts are Standard and Inter- 
changeable, fit ALL types of 





controllers and switches, 
and are supplied 
ready for instant f 


use. 














J. G. SMITHSON & Co. Ltd., BIRMINGHAM, 30 











DRUM<*PUMP 
“stO* 











ee as molasses 
or mobile as spirit. 


from 150-250,000 
GALLONS PER HOUR 








mae 





Drum Pumps’ can do it 


A consideration of the following points will show 
why “DRUM” Pumps are continually being called 
upon to meet so many different needs, in all 
branches of industrial pumping :— 


® Will pump thin or thick 
liquids. 

® Suitable for high or low.E3 
speeds. 

® Positive action. 

® Continuous flow. 

® Can be steam-jacketed. 

® Valveless and no air vessels. 

® Rugged construction. 


The diagram shows how a continuous flow is obtained 
by the action of the revolving piston. Amongst other 
advantages, this preserves the equilibrium of emulsions 
or suspensions. 





ALL ENQUIRIES TO: 


The Drum Engineering Co. Ltd. 


HUMBOLDT STREET, BRADFORD. 
LONDON OFFICE: 38, VICTORIA STREET, WESTMINSTER, S.W,! 
TELEPHONE: ABBEY 3961 
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KOTAMETERS 



















PRECISION FLOWMETERS 


Rotameters are precision instruments giving con- 
tinuous and direct readings of the rate of flow of 
any gas or liquid through a pipe. Accuracy of flow 
readings is vitally important in many processes for 
manufacturing Explosives, Acids, Oils, Compressed 
Gases; also for gas welding, flow and leakage testing 
of fittings, performance testing of engines and 
compressors. Rotameters cannot wear out or 
deteriorate. Complete absence of friction ensures 
lasting accuracy. British made throughout. Details 
are contained in our folder R.M. 120/1.£.D., which 
may be had on request. 
ROTAMETER MANUFACTURING CO. LTD. 


‘VALE WORKS, VALE ROAD, PORTSLADE. 
Telephone: Portsladeg840!.{ Telegrams: Rotaflo, Portslade. 
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PILOT SEATS 


F. CORLETT b COMPANY 


2 MAIN 2 a 
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A. I. D. 
Approved 


IMPERVIA /;, 


Grams; Impervia, Sowest, London 
Phone; Victoria 6501 
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On the Admiralty, War Office 
— and Air Ministry Lists. — 


IMPERVIOUS to the action of 
Aviation Fuel, Hot Engine Oil, 
Di-Ethyl-Glycol, Acids, Alkalis, 
Salt-water, Steam and all Weather 
Conditions. 


100% 
PROVED 
EFFICIENCY 


SUPPLIED IN Sheets, Gaskets, 
Washers, Mouldings, Strip, Tub- 


«ing, Hose, etc., to any Specifica- 


tion and in any degree of re- 
siliency. 


3 GROSVENOR GARDENS, LONDON, S.W.! 


_yECTRICAL MECHANICAL & AIRCRapr ENG Ine 


ERs 





WITH 





Apply for Leaflet 


No. 13-1044 


|e} 1010), ma O) J el = 
WINDSOR HOUSE, 
VICTORIA STREET, 
LONDON S.W.I. 
Phone, ABBEY 3559 


)  Wesitta 
E cectricat 


CONTACTOR UNIT 
0) 40) 8 
12 AMPS MAXIMUM 


AIREDALE ELECTRICAL & MNFG. Co.,LTD. 
Macta Works, Low Moor, BRADFORD. Phone, Low Moor 703-4 


Master 
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The Electric 
Telephone 


In 1876 Alexander Bell exhibited 
the first telephone. By bring- 
ing men into close contact with 
each other, he greatly stimu- 
lated industrial and commer- 
cial activity. New uses were 
found for the exceptional quali- 
ties of “Royal George” Felt. 
During the past few years the 
resources of the “ Royal George” 
Mills have been devoted to the 
requirements of war. From 
now on they will play a vital 
part in peace-time production. 





ROYAL 
GEORGE 


A Product of the 
Royal George Mills 


R. R. WHITEHEAD & BROS. LTD. 


Royal George Mills, GREENFIELD, Nr. OLDHAM 
Tel. Mossley 63 


London - - - Blackfriars House. E.C.4 




















ILFORD 


X-RAY FILMS 





ILFORD INDUSTRIAL X-RAY FILM A 


An exceptionally fast screen film which can also be 
used without screens or with metal screens—a truly 
** general purposes ”’ film, suitable for the radiography 
of all structures from the lightest to the heaviest, 
whether with X-rays or gamma rays. 


ILFORD INDUSTRIAL X-RAY FILM B 

A fast, non-screen film, insensitive to the fluorescence 
of salt screens, but usable with metal screens—an 
improvement on the general purposes film A for all 
exposures which either must be made without salt 
screens for the sake of definition, or which can 
economically, and for preference, be made without 
salt screens. 


ILFORD INDUSTRIAL X-RAY FILM C 
A slow, fine grain, high contrast film for the detection 
of the finest detail in light structures, or in thin sections 
of heavier materials, which can be easily penetrated. 
Ilford Industrial X-ray Film C is invaluable for : 

(a) The detection of micro-porosity in light alloy 
castings ; 

(6) All cases, whether in radiography or in crystallo- 
graphy, where it is necessary to make accurate 
photometric measurements on the film. 

For full descripiions of these and other Ilford X-ray materials 


write for booklet “Ilford Products for Industrial Application 
of X-rays and gamma rays.” 


ILFORD LIMITED . ILFORD . LONDON 
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In the production of REYNOLDS Special 
Steel Tubes and Fabricated Tubular 
Structures, the experienced skill of 
human hands is indissolubly linked with 


the almost uncanny “ brains” of highly- 
scientific mechanisms. The result is 
products possessing certain unique 
properties. 


For example, Reynolds Welding Tech- 
nique used in the tubular construction of 
Aircraft nacelles represented “a tower 
of strength’’ to countless thousands of 
British Planes in their fight for Victory. 


It was an instance where the skill of 
“Nucleus Man” was afterwards tested 
by “The Electrical Eye,” possibly 


humiliating to Genus Homo but ultra 
efficient. 


Meanwhile, send your tricky problems 
to REYNOLDS for a “satisfactory ”’ 
answer. 


Cold drawn seamless Steel Tubes, 
Manipulated Tubes and Fabricated 
Tubular Structures, 


REYNOLDS 


REYNOLDS TUBE Co. Ltd. (Steel Tube Division) 
BIRMINGHAM II. 
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WOVEN WIRE 
CLOTH 





FROM 
STAINLESS STEEL 
MONEL METAL 
TUNGUM ALLOY 


in meshes from 2 to 200 per inch. 


Catalogue on application. 


Wm. RIDDELL, COUSLAND & Co. Ltd. 


SPRINGFIELD WIRE WORKS - GLASGOW, S.E. 
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CROSSLEY 


DIESELS 


continue to play their part as oy rime movers of exceptional 

reliability and performance. he illustration shows one of 

several 150 K.W. alternator sets as supplied to the order 

of the Admiralty, the engine being similar to hundreds 

in daily use made popular by their total enclosure, com- 

plete accessibility, instant starting and ability to stand up 
to continuous heavy duty. 


CROSSLEY BROTHERS LTD. 


MANCHESTER, 11. {London Office :32 Howard St., W.C.2 
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your post-war plastic articles 


Many customers ask us to help them with their post-war requirements in 
Plastics. We are anxious to serve them and the time to start planning is now. To 
wait until war contracts are cancelled will mean delay. There are designs and 
specifications to settle, tools to be made and sampled before peace-time pro- 
duction can start. If you are ready to discuss your post-war ideas, our service* 
can help you. It includes designing, advice on materials and the manufacture of 
tools—in fact everything short of immediate production. Your ideas, plans and 
designs will be treated confidentially. 


* Manufacture of Preducts in Plastics. Rubber and Synthetic Rubbers. 


LOCAL CLAS EeCg 


UNITED EBONITE & LORIVAL LTD: LITTLE LEVER + NEAR BOLTON 
TELEPHONE: FARNWORTH 676 (FOUR LINES) © TELEGRAMS: ‘EBONITE' LITTLE LEVER 














PRESSURE | 
Die CastTinces | 


|WOLVERHAMPTON| 
‘DIE-CASTING Col? 

GRAISELEY HILL 
| WOLVERHAMPTON | 


IN ZINC ALLOY— 
‘““MAZAK”" OF COURSE! 


MACHINING ELIMINATED 
ILLUSTRATIONS SHOW 
ARTICLES AS CAST 


TELEGRAMS: DIECASTINGS .WOLVERHAMPTON. TELEPHONE: 23831/4 W'H’PTON 
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A COMPLETELY 


SELF-CONTAINED 


PLASTICS 
PRESS 


Designed for compression mould- 
ing of plastics the Turner-Plastic 
Press is a fully self-contained unit 
incorporating a unique, sealed 
hydraulic system which provides 
any required pressure between 
10 and 50 tons. Installed in a 
moment. Write for descriptive 
literature. 

























Dependable Hold— 


In an age of disruption— 
atomic or otherwise—the 


together assumes added 
virtues. Even the most 
exalted Statesman, or a 
very important Company 
Director can be instantly 
humiliated at the height 
of his eloquence if his 
trouser braces fail. Proof 
indeed, that MAN is de- 
pendent on small inciden- 
tals. 


It is so. in Industry. The prestige of any types of 
Bolts and Nuts depends entirely upon their ability 
to hold their own in all circumstances, and it is upon 
such proven ability that ““ Nuts & Bolts” (of Darlaston) 
have built their reputation 
—“What’s in a name?” 
Everything, when it repre- 
sents surely in service ! 


| (NUTS & BOLTS FD. 


FOSTER STREET+ DARLASTON: STAFFS: 

















Manufacturers of BOLTS and NUTS of every description _ 








ability to hold things | 





“Anspestion 


Eyuipment 


The Magnascope 
saves eyestrain 
on small part 
inspection and 
assem 


The “‘ Magnascope”’ is a simple yet highly efficient instru- 
ment for all types of visual inspection and assembly work. 
It can be easily adjusted to suit operator’s convenience and is 
self-locking in any position. Other useful items in the range 
of Inspection Equipment are :—Inspectors’ Lenses, Inspection 
Mirrors, Micrometer View Stands and Multi-Purpose Clamps. 


Write for fully descriptive leaflet. 


Speed Tools L2 


35/6 PERCY STREET, LONDON W.1. Misvum 1039 1099 





TAYLOR 160 








TRADE 


GAD 


MARK 


MODERN MACHINES 


FOR 
SHEET METAL TRADES 
“ALSO 
SPECIALISTS IN 





HOLLOW BORED 
—— SHAFTS —— 


Enquiries promptly dealt with by— 


KEETON SONS & Co. Ltd, 
ROYDS LANE, 
SHEFFIELD, 4 
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THE ENGINEERS’ DIGEST 


WELDED TANKS 


and 


VESSELS 
in all Weldable Metals 





Robert Jenkins & Co. Ltd. 


IVANHOE WORKS, 
ROTHERHAM. 


Phone : 
1850 (4 lines) 








TRADE MARK 





BUILT BY ENGINEERS 
FOR ENGINEERS. 


THE ‘JONIL’ PATENT COKE-FIRED 
BALANCED, FORCED DRAUGHT 
CRUCIBLE FURNACE is the most 
advanced design marketed. 
Definite savings made in 
FUEL, TIME, AND MONEY. 





Demonstrations without obligation. 





Write now for full details. 


JOHN HILL & SONS (Wolverhampton) LTD. 


ENGINEERS, IRONFOUNDERS, METALWORKERS 


ALBION STREET, HORSELEY FIELDS, 
WOLVERHAMPTON. 

























buildings 
workshops 
factories 
garages. dic. 
tanks 
bunkers 
ducting 

steel chimneys 
profile cutting 


ROBERTI 





Sita CONSTRUCTION 


Riveted or Welded 


For your present 
and future requirements 
we solicit your enquiries. 

Our technical staff is 
at your service, expert 
advice and estimates frec. 








WATSON ¢ C?® (Senccs') LP 


sf 0) M0), eee WY, kOe TEL. 5125-6-7 
FILTON - GLOS. 


TEL. 46. 
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HAPPILY 


The “STAFFA ”’ 
DUST EXTRACTION UNIT 


can be effectively used, as illus- 
trated, to collect and filter dust 
from a double-ended Grinder, or 
the ducting can be extended to 
serve a battery of machines. We 


THE ENGINEERS’ DIGEST 


MARRIED! 


STAFFA” 
HEAVY DUTY GRINDERS 


Our range comprises 10”,. 16” (as 
illustrated) and 24” doubie-ended 
Grinders. These are of robust M.S. 
all-welded construction, free from 
vibration, thetotally enclosed motor 


eee 


ee 
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Service with Quality 
Speed with Reliability 


We are fully prepared to analyse 
your building needs quickly, and to 
co-ordinate the design, fabrication 
and erection for an entire project 
of any size under one _ contract. 


Our design and drawing offices a 


at your service. Your post-w 
schemes and enquiries are invited. 


RELIABILITY 


GATESHEAD.CO.DURHAM 


can supply ducting to your speci- having a large reserve of power. 
fication. The Fan Unit is also Other refinements include adjust- 
sold separately, if required. able rests and spark arresting flaps. 


Consult us on your Dust-collection problems. . 
Send for Catalogue to Products Dept. 
Commercial Structures Ltd 


Staffa Works, Leyton, E.10 
LEYtonstone 3678 





WRIGHT, ANDERSON & CO.LTD. 
Constructional Engineers & Bridge Builders 
GATESHEAD, Co. DURHAM 


Telephones : Gateshead 72246 (3 lines) | London: Holborn 981! 
Telegrams : ‘‘ Construct, Gateshead.” 





FACTORY HEATING 
STOVES 


SEND YOUR ENQUIRIES 
TO US. WE MAKE THE 
BEST HEATING STOVE 


WE ALSO MANUFACTURE 
SPECIALISED MACHINERY 
FOR THE ALUMINIUM 
AND STEEL INDUSTRIES 


ESTUFAS PARA LA CALE- 
FACCION DE FACTORIAS 


También hacemos maquinaria 
especializada para las Indus- 
trias del acero y del aluminio 


THE 
ENGINEERING 
co., LTD. 


LYE, near STOURBRIDGE 
WORCS. ENGLAND 


BRONX 





8-12 b.f.p. from the 


CUB 


flat-twin diesel 


The horizontal design of the “ CUB" diesel gives 
inherent balance. It is a high-speed low-weight 
engine of 1006 c.c. capacity with a continuous 
heavy duty rating of 12 b.h.p. at 1,800 r.p.m. 
The “CUB” will start from cold, it will give 
gocd service for many years with practically no 
attention and uses very little fuel. 


OIL ENGINES (COVENTRY) LTD. 
Atlantic Works, Harefield Road, Coventry 
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THE ENGINEERS’ DIGEST 





| THE NEW “PYROBIT’ 
|g UNIVERSAL 
| NEON TESTER 


(PATENT APPLIED FOR) 


For the Vest Pocket in a 
Moulded Plastic Case. 


For Engineers an_ indispensable 
Pocket Tool for testing the 
Electrical Mains and Polarity. 

For 100 to 400 volts. 


List Price 12/6 


| Acru Electric Tool Manufacturing Co. Ltd 
"| = Manufacturers of Speciality Electrical Apparatus, 
| 123 HYDE ROAD, ARDWICK, MANCHESTER 12 
Tel. ARDwick 4284 
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MAKERS OF THE LARGEST 
TO THE SMALLEST 
WE HOLD A LARGE STOCK 


YES 


MERCANTILE, PILOT HOUSE YACHT 
REVENUE CUTTER OIL TANKER 


TUG BOAT WHALER LINER 
WARSHIP FIRE FLOAT 
LIGHTHOUSE TENDER 
MOTOR SHIP, 

&c., &c. 


OF MIRRORS 
LENSES, 
CARBONS. 


REPAIRS OF ALL KINDS 


Our SUPER SUEZ SEARCHLIGHTS 
require NO TRIMMING during the 
voyage ,thus saving time and expense 


t™ JonDON Ezecsric Firm, GovDon. 





[HIGH PRECISION 


: AND 
Accurate Light Engineering 





Production 


@ Automatic Machine Work of the best 
class in quantity. 

@ Super Accurate Thread Production in 
any metal and to the most exacting 
requirements. 


@ Case Hardening and Heat Treatment. 





Have you intricate and difficult jobs ? 
Here is a Modern Engineering Plant with 
Technical knowledge and experience behind 
it to assist you. 


We shall be pleased to send a representative 
a to discuss ‘your problems. 
= No. 1—A.I.D. Approved Inspection. 


ANWELL ENGINEERING COMPANY LIMITED 


Establishea COUNTESS ROAD 
1925 NORTHAMPTON 


Phone: 
' 3766-3767 


REPETITION WORK | 


fine Limrrs in 
| SH BET METAL 
“WORK /r 


Instrument Cases, 
Electrical Switchgear Cases, 
Radio Chassis, Amplifier Racks, etc. 


Sheet metal precision work is 
our speciality. We work to the 
finest limits, and can satisfy your 
requirements, finishing an excel- 
lent job by enamelling, electro- 
plating, etc., to your specification. 


RITHERDON |: 


North Bridge Mill White Lion Brow 
DEANSGATE BOLTON 


Established 1895 "Phone: 3722 
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Approved 


IMPERVIA /,, 


3, GROSVENOR GARDENS, LONDON, S.W.! 
‘Groms: Impervia, Sowest, London. ‘Phone: Victoria 650! 





Roserr Stookweu., Printer, 5-7 Baden Place, London. §.E.1, England 





